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FOREWORD 


Under  Contract  A  F  08(635)-4600,  Hayes  International  Corporation  modified  the 

j  A  /-r*  >4  c  V  ^  QrMmv  Tank  in  irir!oi’nor3.t6  a  self  on  lain  ©d  electrical 

^^e^Tmlt  cTpkbi;  o7;‘pe"ratikrthe  tank  heater  sykem.  This  report,  authored  by  Mr. 

J  A  Kemp,  fm-mally  records  the  effort  expended  under  the  above  contract  including 
design.  fabricaUon.  and  testing  from  July  1964  through  March  1966. 

The  cognizant  USAF  project  engineer  for  this  program  was  Mr.  Marshall 
Solomon  representing  Air  Force  Armament  Laboratory,  Research 
mvision,  Air  Force  Base,  Florida.  Mr.  J.L.  Harrington, 

Weapons  GrLp,  supervised  the  program;  principal  engineers  were  Messrs.  D.  Holmes, 
J  A  Kemp,  and  F.A.  Miller  assisted  by  G.  Burson,  H.  Cromwell,  and  C.  Gaithei. 

Information  in  this  report  is  embargoed  under  the  Department  of  State  Mer- 
nattonal  Traffic  in  Arms  regulations.  This  report  may  be  rel^sed  to  foreign  gove 
ments  by  departments  or  agencies  of  the  U.  S.  Government  subject  to  approya 
AFATL  (ATCB),  RTD,  AFSC,  Eglin  Air  Force  Base,  Florida,  or  higher  autnority  wi  h- 
in  the  Department  of  the  Air  Force.  Private  individuals  or  firms  require  a  Department 
of  State  export  license. 


This  report  has  been  reviewed  and  is  approved. 


fCHOLAS  H.  COX,  Colonel,  USAF 
Chief,  Bio- Chemical  Division 


AiiSTnACi 


The  existing  A/B45Y*-!  Biological  Spray  Tank  was  modified  to  incorporate  a 
wing-driven  electrical  generator  to  power  the  tank  heater  system,  thereby  making  the 
tank  independent  of  the  carrying  aircraft  for  this  seiwice. 

The  generator  was  mounted  to  the  nose  of  the  tarJc  using  a  new  aluminum  nose 
cone  which  interfaced  with  the  existing  nose  cone  attachment  points  located  on  the  for¬ 
ward  bulkhead.  Weight  and  balance  was  adjusted  by  the  addition  of  ballast  weights  at¬ 
tached  to  the  aft  bulkhead. 

In  addition,  the  tank  electrical  control  circuitry  was  redesigned  to  ensure  com¬ 
plete  operational  compatibility  of  the  tank  with  the  existing  aircraft  control  wiring  and 
the  variety  of  umbilical  coimector  types  and  locations  at  the  numerous  pylon  stations  on 
the  various  designated  aircraft  (F -4 C,  F-105,  F-lOO). 

As  modified,  the  tank  was  subjected  to  enviromnental  testing  and  incurred 
damage.  An  analysis  of  the  test  data  indicated  that  the  generator  and  its  attachments 
were  being  subjected  to  excessive  loads  due  to  the  flexing  of  the  tank  plastic  centerbody. 

It  was  concluded  that  the  existing  tank  structure,  which  could  not  be  readily 
modified,  did  not  lend  itself  to  the  mounting  of  additional  weight  at  its  extremities. 

Consequently,  it  was  decided  to  limit  the  modification  of  the  remaining  existing 
tanks,  to  control  circuit  and  aircraft  mating  changes  only.  The  Class  I  drawings  were 
revised  to  reflect  all  the  changes  made  during  the  development  of  the  tank  modification, 
and  show  the  tank  structure  strengthened  to  allow  for  the  mounting  of  a  wind-driven 
generator  on  future  tanks.  Wiring  was  included  to  give  a  choice  of  supplying  heater 
power  from  either  the  wind -driven  generator  or  the  carrying  aircraft. 

These  modifications  were  supplemented  with  the  design  of  a  test  set  to  aid  in 
checking  out  the  electrical  systems  of  the  tank  and  the  control  circuits  of  the  various 
carrying  aircraft  at  the  numerous  pylon  stations. 

This  document  is  subject  to  special  export  controls  and  each  transmittal  to 
foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  approval  of  the 
Air  Force  Armament  Laboratory  (ATCB),  Eglin  AFB,  Florida. 
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INTRODUCTION 


The  purpose  of  this  report  is  io  provide  a  summary  of  the  activity  resulting 
from  work  performed  on  Contract  AF  08(635) -4600  with  the  Air  Force  Armament. 
Laboratory,  Itesearch  and  Technology  Division,  Eglin  Air  Force  Base,  Florida.  In- 
formation  ccxitaiiied  herein  pertains  to  activity  during  Phase  1,  II,  and  HI  of  the  contnict 
including  design,  febrication,  ^uid  development  testing.  The  scope  of  the  program  called 
for  the  modificaticn  of  the  A/B45Y-1  Biological  Spray  Tankas  originally  developed  by 
Fairchild  Stratos  under  Contract  DA-18-064-AMC“7(A).  This  consisted  primarily  of 
modifying  the  existing  spray  tank  to  incorporate  a  self-contained  electrical  powe'*  imit 
capable  of  operating  the  tai^  l^uter  system  thereby  making  the  tank  independent  of  the 
carrying  aircraft  for  this  electrical  power.  The  incorporatlcNi  of  the  power  unit  into  the 
tank  had  to  be  made  with  minimum  ebrnge  to  the  overall  tank  coaQguration,  total  weight, 
and  the  original  location  of  the  center  of  gr;ivity.  The  unit  had  to  have  a  five  year  shelf 
storage  life  and  be  capable  of  operation  throughout  the  entire  mission  profile  of  the 
designated  carrier  aircraft;  F-4C,  F-105,  and  F-IQO.  This  modificaUcHi  was  supple¬ 
mented  with  a  review  and  redesign  of  the  tank  electrical  control  circuit  to  ensure  com¬ 
plete  operational  compatibility  of  the  tank  with  the  existing  aircraft  control  wiring  and 
the  variety  of  umbilical  connector  sizes  and  locations  incorporated  at  the  numerous 
pylon  stations  an  the  different  aircraft.  As  modified,  the  tank  retained  as  many  of  the 
existing  functional  characteristics  and  components  as  feasible. 

The  seccHid  part  of  the  program  was  the  design  and  development  of  a  suitable 
test  set  to  aid  in  checking  out  all  the  electrical  systems  of  the  tank  and  the  control  cir¬ 
cuits  of  the  various  carrying  aircraft  at  the  numerous  pylon  stations  prior  to  operational 
use  of  the  tank. 

The  information  as  presented  in  Section  2.0  represents  a  description  of  the 
development  of  the  final  modified  tank  design  and  a  summary  of  the  problems  encountered, 
and  solutions  rendered.  This  is  followed  with  a  description  of  the  development  of  the  test 
set. 


2.0  TECHNICAL  DATA 


Background 

The  A/B45Y-1  Biological  Spray  Tank  is  an  expendable  fype  store  which  is 
capable  of  being  attached  to  and  ejected  from  the  FlOO,  F105,  and  F4C  aircraft.  In 
aerodynamic  shape,  size,  and  weight,  the  A/B45y-1  tank  resembles  other  stores  pres¬ 
ently  carried  and  ejected  from  these  aircraft.  The  tank  is  basically  a  laminated  fiber¬ 
glass  shell  in  three  sections,  enclosing  a  flexible  bladder  liquid  reservoir,  a  pressuri¬ 
zation  system,  and  a  liquid  control  and  spray  system.  Tank  opera ticHi  is  electrically 
controlled  from  a  remote  panel.  Upon  application  of  the  appropriate  electrical  signals 
from  the  panel,  heaters  may  be  turned  on,  pressurization  is  accomplished,  and  liquid 
dissemination  initiated  or  stopped.  The  heaters  prevent  freezing  of  the  liquid.  The 
pressurization  system  introduces  air  into  the  cavity  surrounding  the  liquid  reservoir, 
and  tends  to  collapse  the  bladder.  The  liquid  system  controls  escape  of  liquid  under 
pressure  from  the  bladder  to  the  dissemination  nozzles.  Liquid  flow  is  sensed  by  a 
transmitter  which  returns  an  electrical  signal  to  the  control  head  and  causes  a  flow  indi¬ 
cator  light  to  illuminate.  Suspension  lugs  are  provided  for  attaching  the  unit  to  the  air¬ 
craft.  Four  fins  stabilize  the  tank  aerodynamically  and  suf^rt  the  spray  nozzles.  An 
external  electrical  receptacle  links  the  hink  to  the  control  head  and  to  the  aircraft  elec¬ 
trical  heating  equipment.  Refer  to  Figure  1. 
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At  the  onset  of  the  prwrann  an  analysis  was  made  of  the  original  A/345Y-1 
Biological  ^ray  Tank  to  determine  the  necessary  engineering  design  changes  required 
for  compUance  with  the  customer's  request.  This  analysis  of  the  tank  was  supplemented 
with  a  review  of  the  designated  cariying  aircraft,  FIDO.  F105,  and  F4C,  in  order  to 
ascertain  the  individual  aircraft  to  tank  Interface  details  and  tho  essistuig  cwtrol  circuits 
available  in  the.*  e  aircraft  for  operating  the  tank. 


The  major  areas  investigated  were; 


The  Tank  Control  ^stem. 

The  Tank  Heater  l^stem. 

The  Tank  Aircraft  Mating. 

The  redesign  required  in  each  of  these  areas  is  recorded  separately  t  .how 
how  each  was  developed,  then  all  are  combined  to  describe  the  development  of  tt»s  over¬ 
all  tank  modification  finally  adopted. 


2. 1  The  Tank  Control  System 

2.1.1  Analysis  of  the  Tank  Electrical  Control  Circuit 

The  electrical  control  circuit  for  the  original  A/B45Y -1  Biological  £^ray  Tank 
was  divided  into  two  distinct  and  separate  halves,  located  as  follows; 

That  portion  installed  in  the  tank. 

That  portion  installed  in  the  cariying  aircraft. 

The  circuit  installed  in  the  tank  (see  Figure  2)  was  designed  to  be  compatible  with  the 
circuit  of  a  universal  control  panel  (see  Figure  3)  which  was  intended  for  instaUafion  in 
the  carrier  aircraft.  Unfortunately,  plans  to  retrofit  aircraft  with  this  universal  control 
panel  wei*e  never  carried  out  resulting  in  the  control  circuit  in  the  tank  being  completely 
incompatible  with  the  existing  wiring  available  at  all  the  pylon  stations  for  the  designated 
aircraft. 


The  universal  control  panel  was  designed  to  provide  the  tank  heater  power, 
arming  signal  and  give  two  types  of  dissemination  control.  These  were: 

Push  on.  Release  off  at  the  Pickle  Button 

Switch  on  and  Switch  off  on  the  control  panel 

The  control  panel  also  included  a  number  of  indicator  lights  including  a  pilot  display  dis- 
simination  flow  indication,  operated  by  the  flow  indicator  located  in  the  tank  discharge 
line.  Consequently,  the  requirement  for  the  redesign  of  the  spray  tank  electrical  ccmtrol 
system  to  make  operation  possible  through  the  existing  aircraft  wiring  and  switches  with¬ 
out  modification  to  the  aircraft  was  mandatoiy. 

2.1.2  Analysis  of  the  Aircraft  Electrical  Control  Circuits 

A  review  of  the  Technical  Orders  for  the  subject  aircraft  was  carried  out  in 
order  to  ascertain  details  of  the  existing  aircraft  wiring  and  switching  available  at  the 
external  store  locations  for  operating  the  spray  tank.  Schematic  diagrams  of  these  cir¬ 
cuits  are  given  in  the  following  figures: 
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F4C  aircraft,  see  Figure  4 
F105  aircraft,  see  Figure  5 
F!00  aircraft,  see  Figure  6 

In  order  to  cerate  the  spray  tank  from  all  these  aircraft,  it  is  necessary  that  the  com¬ 
mon  porti<m  of  the  control  circuit  located  within  the  tank  be  compatible  with  each  indivi¬ 
dual  aircraft  circuit. 

A  comparison  of  the  circuits  for  the  F4C,  F105,  and  FlOO  aircraft  shows  that 
the  following  signals  are  common  to  all  aircraft; 


1. 

Nose  arm  signal 

28  VDC 

2. 

Tail  arm  signal 

28  VDC 

3. 

Firing  signal 

28  VDC 

4. 

Ground 

28  VDC 

Other  common  features  of  these  circuits  are; 

The  nose  and  tail  arming  circuits  to  each  external  store  location  are 
wired  in  parallel  giving  blanket  arming  to  all  stations. 

The  firing  signal  to  each  external  store  location  can  be  selected,  either  indi¬ 
vidually,  or  collectively  in  a  variety  of  combinations.  Uncommon  features  of  these  cir¬ 
cuits  are: 

The  F4C  the  only  aircraft  fitted  with  CBU  lights,  wired  to  the  external 
store  locatit^iS  which  can  be  used  to  indicate  to  the  pilot  some  feature  of  the 
store  carried  at  that  location.  For  this  aircraft,  this  light  can  be  used  to  give 
an  Indication  of  tank  dissemination  by  using  this  circuit  in  conjunction  with  the 
flow  indicator  circuit  In  the  tank.  Single  firing  signals  on  this  aircraft  are 
automatically  stepped  alternately  from  the  left  wing  to  the  tight  wing  then  re¬ 
peated. 

The  FlOO  and  F105  aircraft  are  equipped  with  bomb  racks  which  allow  for 
direct  jettiscming  of  the  tank  from  the  pylon.  Some  early  versions  of  the  F4C 
are  not  equipped  in  this  manner  so  in  order  to  jettison  the  tank  from  these  air¬ 
craft,  the  pylon  has  to  be  jettisoned.  Later  versions  of  the  F4C  will  be 
equipped  with  the  MAU-12/A  bomb  rack  which  vdll  provide  a  capability  for 
direct  jettisoning  of  the  tank. 

Further  Investigation  of  the  aircraft  wiring  brought  to  light  the  fact  that  while 
all  the  wiring  was  available  at  the  pylon  location  in  the  wing  of  the  aircraft,  the  arming 
wiring  was  not  carried  down  through  the  pylon  in  some  instances  and  was  therefore  not 
available  for  use  with  the  tank.  This  was  the  situation  for  the  Type  I  and  Type  HI  pylons 
used  at  all  stations  on  the  FlOO  aircraft  and  the  outboard  pylon  stations  on  the  F105  air¬ 
craft. 


In  reply  to  request  for  the  addition  of  this  wiring  to  these  pylons.  Tactical  Air 
Command  subsequently  indicated  a  favorable  response  for  this  modification  to  all  TAC 
FlOO  Type  ni  pylcHis  and  TAC  F105  multi-weapon  pylon;  (reference  ATCB,  Mr.  Solomon/ 
882-2457,  letter  to  Hayes  from  Air  Force  Armament  Laboratory).  It  was  decided  not  to 
include  this  change  (xi  the  FlOO  Type  I  as  it  was  intimated  that  the  tank  would  never 
be  carried  at  this  location  on  the  aircraft. 
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Prior  to  the  approval  of  this  modification  to  the  FlOO  and  F105  aircraft  to  in¬ 
clude  these  wiring  changes  in  their  pylons,  the  design  of  the  electrical  control  system 
for  the  spray  tank  had  to  proceed  based  upon  the  existing  wiring  then  available.  This 
wiring  for  these  store  locations  comprised  a  single  signal  wire  terminated  at  the  chemi¬ 
cal  binding  post  operated  from  the  pickle  button. 

A.- 

Section  2. 1.3  gives  a  detailed  descripticai  of  the  circuit  originally  designed  to 
cater  to  this  situation  and  subsequently  discarded  after  the  approval  of  the  wiring  addition 
in  the  aircraft  pylons  in  favor  of  the  control  circuit  finally  adopted. 

2.1.3  Development  of  the  Tank  Control  Circuit 

The  original  approach  to  the  redesign  of  a  new  control  circuit  for  the  spra}' 
tank  was  based  on  the  following  criteria: 

1.  Only  one  signal  wire  was  available  for  operating  the  tank. 

2.  The  pickle  buttcm  should  be  used  to  start  and  stop  dissemination. 

3.  It  was  imdesirable  for  the  pilot  to  have  to  hold  down  the  pickle  button  for 
any  length  of  time  (more  than  several  seconds)  dictating  a  preferred  requirement  for  a 
"push  on"  -  "push  off"  dissemination  control  operation. 

In  order  to  fully  operate  the  spray  tank  with  the  cme  signal  wire  available,  the 
wire  had  to  carry  five  services: 

1.  The  arming  sigjnal 

2.  The  dissemination  on  signal 

3.  The  dissemination  off  signal 

4.  28  VDC  power  to  operate  the  gate  valve  motor 

5.  The  dissemination  indicator  light  circuit 

A  review  was  made  to  see  which  services  could  be  eliminated.  It  was  felt  that 
28  VDC  power  to  operate  the  gate  valve  could,  if  necessary,  be  obtained  from  the  gener¬ 
ator  on  board  the  tank,  the  requirement  being  for  50  watts  intermittently  .  Dispense  with 
the  indicator  light  requirement  as  not  all  the  aircraft  had  indicator  lights  that  could  be 
used.  This  reduced  the  number  of  services  to  three,  all  being  controlled  from  the  pickle 
button: 

1 .  Arming 

2.  Disseminaticm  on 

3.  Dissemination  off 

It  was  also  requested  that  a  second  circuit  be  prepared  utilizing  the  proposed  feed 
through  wiring  that  had  been  recommended  for  installation  in  the  Type  I  and  Type  III 
pylons  on  the  FlOO  aircraft  and  the  outboard  pylon  of  the  F105  aircraft  should  this  be 
approved. 


The  control  sequence  for  this  circuit  would  be: 

1.  Arm  with  the  nose  and  tail  arming  switch 

2 .  Start  and  stop  dissemination  with  the  pickle  buttcxi . 
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2 . 1 . 3 . 1  Initial  Control  Circuit 


Initially^  two  circuits  were  designed  utilizing  the  same  components  (see  Fig¬ 
ures  7  and  8),  thereby  allowing  the  control  circuit  to  be  readily  converted  from  one  con- 
figuraticsi  to  tbs  other  by  changing  one  wire.  (The  arming  wire  connected  to  the  gate 
valve  motor  limit  switch  is  transferred  to  the  appropriate  pin  on  the  electrical  ctsitrol 
receptacle).  This  was  done  so  that  if  the  tanks  were  modified  and  delivered  before  re¬ 
ceipt  of  approval  for  the  additional  pylon  wiring,  they  could  be  readily  changed  in  the 

IieiVl. 


These  two  circuits  used  a  stepping  switch  operated  by  the  pickle  button  which 
was  set  up  to  alternately  open  and  close  the  gate  valve.  During  the  preflight  checkout, 
the  switch  is  homed  either  to  the  ’’OPEN"  or  ’’CLOSED’*  gate  valve  position  by  the  test 
set  depending  upon  which  control  circuit  is  used  while  the  gate  valve  is  operated  to  check 
functioning  and  then  left  in  the  closed  position . 

Both  circuits  utilize  28  VDC  power  from  the  aircraft  to  operate  the  gate  valve 
rather  than  using  on-board  power  froir  air-driven  generator.  This  was  done  as  the 
pilot  can  isolate  this  28  VDC  from  the  spray  tank  until  required  whereas  if  it  were  taken 
from  the  <m-board  generator,  28  VDC  would  be  available  from  take  off  and  might  result 
in  possible  inadvertent  arming  or  control  operati<xi.  Being  that  the  gate  valve  operating 
time  is  of  approximately  one  sec<x;d  duratirn,  the  pilot  has  to  keep  the  pickle  button  de¬ 
pressed  for  at  least  this  length  of  time  by  making  a  positive  actuation  of  the  pickle  button 
of  say,  two  seconds  duration. 

Single  Wire  Circuit  -  In  the  single  wire  circuit,  the  gate  valve  and  arming 
circuits  are  coupled  together  and  interlocked  (see  Figure  7).  The  stepping 
switch  is  homed  to  the  ’’OPEN”  gate  valve  position  at  checkout  and  the  gate 
valve  is  closed.  This  is  achieved  by  the  teat  set  as  the  stepping  switch  and 
gate  valve  are  not  connected  during  checkout. 

In  operation,  the  pilot  switches  on  the  master  arm  switch  and  sets  the  neces¬ 
sary  station  selector  switches.  This  makes  28  VDC  power  available  at  the  pickle  button. 
The  first  pulse  from  the  pickle  button  steps  the  stepping  switch  to  the  ’’CLOSED”  gate 
valve  position.  This  puts  power  on  the  valve  and  if  the  valve  is  not  closed  for  any 
reason,  it  is  closed  by  this  power.  Activation  of  the  ’’CLOSED"  position  limit  switch 
then  steers  28  VDC  power  to  the  arming  circuit  and  arms  the  spray  tank.  This  interlock 
ensures  th£*.t  the  gate  valve  has  to  be  closed  before  arming  can  take  place. 


The  second  pulee  from  the  pickle  button  steps  the  stepping  switch  to  the 
’’OPEN”  gate  valve  position.  This  opens  the  gate  valve  and  initiates  dissemination. 

The  next  pulse  from  the  pickle  button  steps  the  stepping  switch  to  the 
"CLOSED”  gate  valve  position.  This  closes  the  gate  valve  and  stops  dissemination. 
Successive  pulses  repeat  the  on-off  dissemiration  control. 

Multiwire  Circuit  -  In  the  multiwire  circuit,  the  gate  valve  and  arming  cir¬ 
cuits  are  separated  (see  Figure  8) .  The  stepping  switch  is  homed  to  the 
’’CLOSED”  gate  valve  position  at  checkout  and  the  gate  valve  is  closed.  This 
is  achie\ad  by  the  test  set.  Operation  of  the  bomb  arming  switch  to  the  nose 
and  tail  position  arms  the  spray  tank.  The  first  pulse  on  the  pickle  button 
steps  the  stepping  swib^h  to  the  "OPEN  ’  gate  valve  positicm.  This  opens  the 
gr.kC  valve  and  initiates  disseminatlQin.  The  second  pulse  from  the  pickle 
button  steps  the  stepping  switch  to  the  "CLOSED”  gate  valve  positicm.  This 
c  loses  the  gate  valve  and  stops  dissermnatiixi .  Successive  pulses  repeat  this 
r>n-off  dissemination  control. 
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Figure  7  TANK  CONTROL  CIRCUIT  -  SINGLE  WIRE 
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Approval  for  the  additional  wiring  in  the  FlOO  and  F105  pylons  was  received 
shortly  after  these  two  circuits  had  been  evolved.  Initially,  the  obvious  choice  was  to 
use  the  multiwire  circuit  (see  Figure  8),  however,  as  the  stepping  switch  had  originally 
been  selected  because  sequential  operation  for  arming  and  push  on  -  push  off  control  had 
been  dictated  by  the  single  wire  circuit,  it  was  decided  to  review  the  control  system. 
Problem  areas  associated  with  the  stepping  switch  and  sequential  operation  which 
prompted  this  review  were; 

1.  The  pilot  has  no  indication  of  tank  dissemination  (no  indicator  light),  there¬ 
fore  endeavoring  to  remember  the  status  of  the  stepping  switch  will  certainly  give  him 
some  mental  gymnastics,  using  the  push  coi,  push  off  control  sequence, 

2.  The  problem  becomes  even  more  complex  if  the  pilot  has  also  to  switch 
back  and  forth  between  tanks  carried  at  different  stations,  push  reset  buttons  as  can  be 
required  on  the  F4C,  and  try  to  keep  a  mental  record  of  how  much  time  each  tank  has 
sprayed  or  how  much  spray  time  is  left,  or  even  which  tank  is  spraying. 

3.  On  top  of  this,  the  pilot  has  also  to  fly  the  aircraft  at  low  level  at  night 
over  xmfamiliar  territory  at  high  speed, 

4.  Accidental  operation  of  tlie  pickle  button  could  lead  to  accidental  discharge 
without  the  pilot  knowing  it  and  getting  the  sequence  of  operations  out  of  phase. 

Because  of  these  problems,  it  was  decided  to  change  the  control  circuit  re¬ 
quirement  to  give  push  on,  release  off  dissemination  control  by  the  pickle  button  to  en¬ 
sure  that  the  pilot  would  have  positive  indication  of  dissemination  status  regardless  of 
the  lack  of  indicator  lights  as  is  the  case  for  the  FlOO  and  F105  aircraft.  Consequently, 
the  circuit  was  redesigned  to  incorporate  this  feature  as  shown  in  Figure  9.  This  was 
readily  achieved  by  substituting  a  relay  for  the  stepping  switch.  Later  when  it  was  found 
possible  to  eliminate  the  heater  changeover  relay  from  the  heater  circuit,  this  existing 
relay  alrea^  located  on  the  tank  control  module  was  utilized  for  the  control  circuit. 

It  was  also  decided  to  provide  the  necessary  wiring  for  the  indicator  light  cir¬ 
cuit  as  CBU  lights  were  available  on  the  F4C  aircraft  and  would  probably  be  installed  on 
later  service  aircraft  like  the  FlllA  and  possibly  retrofitted  on  the  FlOO  and  F105. 

2. 1.3.2  Final  Control  Circuit 

The  final  control  circuit  (see  Figure  9)  uses  a  relay  to  steer  power  to  the 
”OPEN”  or  ’’CLOSED"  windings  of  the  gate  valve  motor.  The  normally  open  contacts  of 
the  relay  are  connected  to  the  "CLOSED"  side  of  the  gate  valve  motor.  Power  to  drive 
the  gate  valve  motor  is  taken  from  the  nose -tail  arming  circuit  which  is  also  used  to  arm 
the  tank.  The  gate  valve  relay  coil  is  connected  to  the  pickle  button.  Depression  of  the 
pickle  button  energizes  the  relay  coil  closing  the  relay  contacts  which  steers  arming 
power  to  open  the  gate  valve  motor.  Release  of  the  pickle  button  de-energizes  the  relay 
coil  which  steers  power  to  close  the  gate  valve.  This  gives  push  on,  release  off  dis- 
seminaticm  control. 

The  nose-tail  arming  switch  is  energized  through  a  circuit  breaker  connected 
in  series  with  this  switch  on  the  FlOO  and  F105  aircraft  and  on  the  F4C  aircraft,  the 
circuit  is  also  directed  through  the  master  arming  switch  located  in  series  between  the 
circuit  breaker  and  arming  switch.  This  gives  a  minimum  of  two  stage  isolation  on  all 
aircraft. 
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The  pickle  button  is  connected  in  series  with,  and  energized  through,  a  cir- 
cult  breaker  and  the  master  arming  relay  on  all  three  aircraft  resulting  in  a  three  stage 
isolation  of  the  pickle  button. 

The  pickle  button  circuit  is  used  to  operate  the  gate  valve  relay  to  steer  power 
to  operate  the  gate  valve  motor.  It  Is  separate  from  the  arming  circuit  which  also  pro¬ 
vides  power  to  operate  the  gate  valve  motor.  This  ensures  that  th?'  gate  valve  cannot  be 
opened  unless  all  five  switching  operations  have  been  completed. 

Energizing  the  arming  circuit  provides  power  which  positively  closes  the  gate 
valve  if  for  some  reason  it  is  in  any  position  but  closed.  Operation  of  the  closed  position 
limit  switch  tb  n  directs  power  to  the  tank  arming  circuit.  This  ensures  that  the  tank 
cannot  be  armed  without  the  gate  valve  being  closed. 

2.1.4  Individual  Aircraft  Operating  Procedures 

Indivi:lucti  aircraft  operating  procedures  for  functioning  the  A/B45Y-*i  Biologi¬ 
cal  Spray  Tank  are  given  in  Appendix  I. 

2.1.5  Indicator  Light  Circuit 

The  disseminaticHi  flow  indication  circuit  to  operate  the  available  CBU  lights 
in  the  F4C  aircraft  was  readily  provided  by  usiiig  the  existing  flow  indicator  unit  to  com¬ 
plete  the  light  circ”H  by  sing  it  to  ground. 

A  ’’gone**  signal  indication  can  be  incorporated  by  including  a  jumper  between 
the  two  appropriate  pins  in  ♦he  tank  umbilical  connector  that  mates  with  the  aircraft. 

This  requirement  was  proposed  for  the  FlllA  aircraft  only,  and  was  not  originally  in¬ 
cluded  in  the  program.  Ai  ’ '  ormation  is  presently  unavailable  relating  to  the  pylon 
electrical  ccamectors  for  .  *  aircraft,  no  umbilical  adapter  kits  liave  been  provided  at 
this  time. 

2.  2  The  Tank  Heater  System 

2.2.1  Analysis  of  the  Original  Tank  Heating  System  and  the  Electrical  Power 
Requirements. 

The  original  tank  heating  system  is  made  up  from: 

1.  Three  (3)  bladder  heaters 

2.  Four  (4)  nozzle  heaters 

3.  One  (1)  tail  cone  heater 
All  heaters  operate  at  115  volts  AC. 

Bladder  Heaters  -  Three  heater  strips  1-1/2  inches  wide  by  80  inches  long  are 
embedded  lengthwise  in  the  foam  liner  of  the  bladder  container  along  the  bottom 
to  the  tank.  Each  heater  is  capable  of  dissipating  120  watts  and  all  are  ccm- 
trolled  by  thermostats  to  maintain  the  fluid  agent  temperature  between  +2°C 
and  +10OC. 
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Nozzle  Heaters  -  Four  spray -on  type  nozzle  beaters,  one  for  each  nozzle, 
which  are  thermostatically  controlled  and  maintain  the  nozzle  temperature 
between  +2^C  and  +10^C.  Each  heater  is  capable  of  dissipating  a  majdmuni 
of  75  watts. 

Tail  Cone  Heater  -  A  heater  strip  one  inch  wide  and  six  feet  l<mg  is  wrapped 
spirally  inside  the  tail  cone  and  is  thermostatically  controlled  to  maintain  a 
temperature  between  +4®C  and  +7®C .  The  heater  dissipates  a  maximum  of 
150  watts. 

The  original  tank  heater  control  circuit  was  wired  so  that  power  was  only 
supplied  to  the  three  bladder  heaters  when  the  tank  was  in  storage  and  on  the  aircraft 
prior  to  arming. 

After  the  tank  was  armed,  power  to  two  of  the  bladder  heaters  was  removed 
and  siqiplied  to  the  nozzle  heaters  and  the  tail  cone  heater,  while  the  remaining  bladder 
heater  continued  to  functi<Hi. 


The  maximum  power  requirements  for  these  two  heater  configurations  was, 
Prior  to  arming: 

3  bladder  heaters  @120  watts  each  =  360  watts 
After  arming: 

1  bladder  heater  @120  watts  =  120 

4  nozzle  heaters  @75  watts  each  =  300 
1  tail  cone  heater  @150  watts  =  150 


Total  570  watts 

The  customer  requested  investigation  of  the  feasibility  of  having  all  the  heaters 
on,  all  the  time  the  tank  was  airborne.  The  power  requirement  would  then  be: 

3  bladder  beaters  @120  watts  each  =  360 

4  nozzle  heaters  @75  watts  each  =  300 
1  tail  cone  heater  @150  watts  —  150 


Total  810  watts 

With  this  latter  configuration  it  was  still  desirable  to  maintain  the  capability  of  being 
able  to  supply  external  power  to  the  three  bbidder  heaters  only,  when  the  tank  was  in 
storage . 


2.2.2  Development  of  the  Tank  Ilaater  Circuit 

The  eight  existing  heaters  installed  within  the  tank  were  wired  so  that  power 
was  only  supplied  to  the  three  bladder  heaters  when  the  tank  was  in  storage  or  on  the 
aircraft  prior  to  arming.  After  arming,  power  to  two  of  the  bladder  heaters  was  re¬ 
moved  and  supplied  to  the  nozzle  heaters  and  tail  c<me  beater  and  the  remaining  bladder 
heater.  The  circuit  was  airanged  to  operate  from  external  three  phase  power  siq)plied 
by  either  the  carrying  aircraft  or  a  ground  source  through  the  umbilical  connector  (see 
Mgure  2). 
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The  modification  to  tne  tank  called  for  the  installation  of  a  self-contained 
power  unit  to  supply  this  power  for  the  heaters  while  in  flight.  The  customer  also  re¬ 
quested  investigation  of  the  feasrbility  of  functioning  all  heaters  during  the  entire  flight 
and  additionally  have  tiv;  capabtHty  of  being  able  » supply  external  power  to  the  three 
bladder  heaters  while  tie  tanV  ^s.’vS  In  etoinge. 

Initially  two  heater  c:xxuit3  wev  *  des^jned  with  the  final  selection  of  circuit 
being  dependent  upon  the  power  avjHlahle  froin  the  self-contained  power  unit,  (see 
Section  2.2.3). 

The  first  ciicvu'  ee  F4'ire  10)  incorporated  the  original  heater  change-over 
relay  to  switch  on  the  tall  md  nozzle  i.oaters  at  the  time  the  tank  is  armed  as  in  the 
original  tank  heater  circuit.  This  ci^' ^ult  required  360  watts  of  power  prior  to  arming 
and  570  watte  of  power  after  arming. 

The  second  circuit  (see  Figure  11)  eliminated  the  heater  change-over  relay 
placing  all  heaters  on  all  the  time  requiring  a  total  of  810  watts  of  power. 

Both  circuits  are  connected  directly  to  the  on-board,  115  VAC  three-phase 
power.  For  external  power,  a  separate  receptacle  was  located  in  tne  tail  cone  of  the 
tank.  The  reason  for  using  a  second  receptacle  for  this  power  rather  than  combining 
it  on  the  umbtiical  connector  to  the  aircraft  was  to  allow  for  the  connection  of  au  exter¬ 
nal  power  source  for  heater  operation  even  though  the  spray  tank  was  mated  to  the  air¬ 
craft. 

An  internal  to  external  power  change-over  relay  was  incorporated  in  the  cir¬ 
cuit  for  two  reasons.  This  relay,  which  is  operated  by  external  power  when  it  is  con¬ 
nected,  isolates  the  wind  driven  generator  from  the  heater  circuit  and  ensures  that  ex¬ 
ternal  power  is  only  applied  to  the  three  bladder  heaters. 

With  the  subsequent  modificaticn  of  the  wind  driven  generator  to  supply  115 
VAC  single  phase  power  the  initial  test  results  indicated  that  this  configuration  would 
provide  the  necessary  810  watts.  The  second  heater  circuit  was  adopted  because  of  this 
and  the  three  phase  input  connections  from  the  generator  were  coupled  together,  (see 
Figure  12). 

2.2.3  Development  of  the  Self-Contained  Power  Unit 

The  self-contained  power  unit  originally  proposed  for  installation  of  the 
A/B45Y-1  spray  tank,  w^as  the  Hayes  International  Corporation  air-driven  generator, 
Model  HIC-90A  (see  Figure  13),  having  the  following  characteristics: 

Nomenclature:  Air-driven  generator,  Model  HIC-90A,  Part  Number 
500-00689 

Blade  Diameter:  6.J  inches 

Number  of  Blades:  9 

Overall  Length:  17.94  inches 

Weight:  18  pounds 

RPM:  3,000  -  10,000 

Frequency:  300  -  1,000  CPS 
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Figure  11  HEATER  CIRCUIT  WITH  ALL  HEATERS  ON  -  THREE  PHASE 


Minliaum  Airspeed;  250  MPH 
Maximum  Airspeed:  See  Figure  14 
Volate:  24  VAC 
Power  Output;  900  watts 


This  unit  was  assembled  from  a  two  piece  aluminum  housing  containing  the 
turbine  and  the  generator  coupled  together  by  an  integral  shaft.  Rotational  drive  was 
provided  by  a  shxoudad  multi-blade  fixed  pitch  turbine  wheel  6. 5  inches  in  diameter. 

The  speed  range  of  the  unit  was  3000  -  10, 000  RFM  glv^lug  a  frequency  of  300  -  1,000 
CPS.  The  generator  was  three  phase  wye  connected  having  a  power  output  of  900  watts 
at  24  VAC.  The  unit  had  undergone  various  envircximental  and  calibration  tests  and  had 
been  successfully  flown  in  the  TA-9  target.  The  voltage  regulator  (see  Figure  15), 
which  is  an  integral  part  of  the  unit  is  basically  an  electrcHiic  switching  device.  It 
senses  the  output  voltage  from  the  alternator  and  supplies  the  necessary  field  current 
for  maintaining  this  voltage.  When  the  output  voltage  from  the  alternator  rises  to  a 
predetermined  ’/alue,  the  voltage  which  appears  across  the  Zener  diode  is  the  critical 
Zener  voltage  and  the  Zener  diode  conducts.  This  permits  current  to  flow  to  tht  base 
of  the  first  transistor  and  causes  the  transistor  to  turn  on  and  reverse  bias  a  second 
transistor  which  turns  off  the  current  supplied  to  the  field.  When  the  system  voltage 
drops  below  the  predetermined  value,  the  Zener  diode  stops  conducting,  the  first  tran¬ 
sistor  turns  off,  and  the  second  transistor  turns  on.  When  this  seccxid  transistor  ifj 
turned  on,  field  current  is  again  supplied  to  the  alternator.  The  op>eration  of  this  sc.ccmd 
transistor  is  effectively  like  a  switch,  turning  the  alternator  field  current  on  and  off  as 
the  electrical  output  voltage  varies  due  to  varying  load.  This  action  occurs  so  rapidly 
that  it  cannot  be  detected  in  the  output.  A  relay  operated  by  the  output  voltage  is  also 
included  in  the  circuit  which  cuts  out  the  operation  of  the  regulator  until  the  output 
voltage  has  built  up  to  a  predetermined  value. 


In  order  to  meet  the  heater  voltage  requirements,  it  was  proj>osed  to  use 
three  step  up  transformers  to  convert  the  24  VAC  output  from  the  generator  to  115  VAC 
(see  Figure  15).  These  transformers  were  to  be  located  in  the  tail  cone  of  the  tank 
where  their  weight  would  help  offset  that  of  the  added  power  unit  installed  in  the  nose. 

At  the  onset  of  the  program,  a  review  was  made  of  the  generator  design  to 
see  if  it  were  possible  to  affect  a  weight  reducticai  that  would  subsequently  detract  from 
tlie  overall  weight  penalty  impK)sed  by  the  tank  modification.  The  review  led  to  the  sub¬ 
stitution  of  magnesium  for  aluminum  as  the  material  for  the  generator  housing  and  re¬ 
sulted  in  a  unit  weight  reduction  of  four  pounds. 


This  weight  reduction  applicable  at  the  nose  of  the  tank  was  supplemented  by 
an  equivalent  reducticxi  in  the  weight  of  ballast  required  in  the  tail  to  maintain  the 
original  tank  center  of  gj^vity  location  resulting  in  an  overall  weight  saving  of  eight 
pounds. 


Initially  a  breadboard  of  the  self-contained  power  unit  and  heaters  was  assem¬ 
bled  in  order  to  bench  test  the  overall  power  system.  A  resistor  bank  with  appropriate 
switching,  was  used  to  simulate  the  various  load  combinatiaEis  of  the  thermostatically 
controlled  heaters.  Power  to  rotate  the  generator  was  provided  by  a  three  horsepower 
electric  motor  through  a  vee  belt  drive  and  a  variety  of  pulley  combinations.  The  object 
of  this  bench  test  was  to  determine  the  power  output  and  the  efficiency  of  the  generator 
transformer  combinatian,  and  aid  in  the  final  selection  of  the  heater  circuit  (see  Fig¬ 
ures  10  and  11),  the  requiremrats  being  570  watts  and  810  watts,  respectively. 
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The  bench  test  was  supplemented  by  a  captive  flight  test  program,  the  object 
being  to  determine  the  performance  and  power  rating  of  the  turbine,  alternator  com¬ 
bination.  In  ali ,  a  total  of  approximately  five  hours  captive  flight  testing  was  carried 
out.  The  flight  test  unit  was  coupled  to  a  resistor  bank  equipped  with  a  programmer  to 
step  the  applied  load  through  tLe  range  of  required  design  loads.  An  on-board  tape  re¬ 
corder  and  telemetry  transmitter  provided  information  on  the  alternator  speed.  A 
knowledge  of  the  airspeed  and  altitude  together  with  alternator  speed  and  calibration 
curves  provided  all  Hie  necessary  information  for  determining  the  power  unit  capabilities. 

The  programmer  operated  through  one  complete  load  cycle  each  eight  minutes, 
which  dictated  the  duration  of  ^  he  test  run  at  each  altitude  and  speed  combination.  A 
total  of  eight  altitude  speed  ruiiS  were  accomplished  on  each  flight  mission  as  shown  in 
Table  1. 


RUN 

ALTITUDE 

(ft) 

SPEED 

MACH 

NO. 

DURATION 

1 

3,000 

200  KIAS 

0.3 

8  Minutes 

2 

3,000 

340  KIAS 

0.52 

8  Minutes 

3 

3,000 

450  KIAS 

0.  7 

8  Minutes 

4 

20,000 

200  KIAS 

0.45 

8  Minutes 

5 

20,000 

300  KIAS 

0.67 

8  Minutes 

6 

20,000 

420  KIAS 

0.9 

8  Minutes 

7 

36,000 

200  KIAS 

0.6 

8  Minutes 

8 

36,000 

300  KIAS 

0.9 

8  Minutes 

TABLE  I  CAPTIVE  FLIGHT  TEST  CRITERIA 


The  major  results  from  these  two  test  programs  indicated  the  following; 

1 .  The  turbine  alternator  combination  was  capable  of  providing  at  least  900 
watts  of  power. 

2.  Because  the  turbine  alternator  speed  varies,  since  the  unit  does  not  in¬ 
corporate  a  constant  speed  unit,  it  readily  became  apparent  that  the  power  loss  in  the 
transformer  conversion  would  be  as  high  as  15%  due  to  the  swinging  frequency.  The 
physical  size  of  the  transformers  woxild  also  dictate  extensive  modification  of  the  spray 
tank  tail  cone  in  order  to  package  them  in  this  location. 

3.  As  the  heaters  are  individually  thermostatically  controlled,  the  total  load 
woxild  vary  randomly  and  this  could  be  applied  assymetrically  between  phases  creating  a 
phase  unbalance  condition.  The  design  of  the  regulator  (see  Pig^e  15)  was  such  that 
the  sensed  output  voltage  was  the  average  of  the  rectified  outputs  from  the  three  indivi¬ 
dual  phases.  Consequently,  a  no  load  condition  on  one  or  more  phases  would  produce  a 
larger  sensed  voltage  resulting  in  a  reduced  field  current  being  supplied  by  the  regulator 
to  the  field  exciter  winding  resulting  in  a  reduction  >f  the  output  voltage  and  power  de¬ 
livered  by  the  loaded  phase  or  phases.  As  the  turbine  was  capable  of  providing  at  least 
900  watts  of  power,  which  exceeded  the  maximum  demand  of  810  watts  required  by  the 
preferred  all-heater-on-aU-the-time  condition,  it  was  decided  to  eliminate  the  trans¬ 
formers  because  of  tlieir  possible  85%  efficiency  and  to  rewind  the  alternator  to  provide  a 
115  VAC  single  phase  output.  Single  phase  was  chosen  to  eliminate  the  three  phase  un¬ 
balance  problem.  Consequently,  the  self-contained  power  xmit  circuitry  was  redesigned 
as  shown  in  Figure  16. 
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Figure  15  115  VAC  THREE  PHASE  POWER  SUPPLY 


Figure  16  115  VAC  SINGLE  PHASE  POWER  SUPPLY 
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It  was  also  aecided  to  int  roase  the  number  of  blades  on  the  turbine  wheel  to 
eighteen  (18)  in  order  to  improve  the  characteristics  of  the  turbine  at  low  airspeeds. 

A  unit  of  this  configuration  was  assembled  and  subjected  to  bench  testing.  An 
output  of  1100  watts  was  obtained  at  8800  RPM,  As  a  result  of  these  tests,  it  was  de~ 
cided  to  utilize  ihe  secoud  set  of  contacts  on  the  regulator  relay  to  isolate  the  115  VAC 
output  load  until  the  field  current  had  built  up  in  order  to  Improve  the  starting  up 
characteristic  a. 

This  ccnfiguratiGn  of  the  power  supply  was  initially  adopted  and  produced  to 
meet  the  hardware  requirements  of  Phase  II,  altogether  a  total  of  six  functional  and  two 
dummy  units  were  built.  Three  of  the  functional  units  were  destined  for  further  testing. 
One  of  these  units  was  forwarded  to  WYLE  Laboratorir  Ihmtsville,  Alabama,  for 
environmental  testing  and  two  units  were  forwarded  to  the  Arnold  Engineering  Develop¬ 
ment  Center,  Tullahome,  Tennessee,  for  wind  tunnel  testing. 

2. 2.3.1  Environmental  Testing 

The  environmental  tests  carried  out  on  the  unit  forwarded  to  WYLE 
Laboratories  were: 

1.  Vibration  test  per  procedure  4.2  of  MIL-T-5442 

2.  Shock  test  per  procedure  4.3  of  MIL-T-5442 

3.  Temperature  shock  test  per  procedure  1  of  MIL-E-5272 

4.  Performance  and  functional  test  subsequent  to  each  of  the  above  tests 

The  tes’^^g  took  place  during  the  period  21  October  through  24  December  1964 
and  was  completed  successftilly. 

Detail  data  relating  to  these  tests  is  contained  in  WYLE  Laboratories  Report, 
Job#40323,  (Reference#!.) 

2. 2. 3.2  Wind  Tunnel  Testing 

For  this  test  program,  the  unit  was  assembled  without  the  regulator  installed 
as  this  was  located  outside  the  tunnel  during  the  test  program  in  order  to  facilitate  the 
recording  of  various  data.  These  units  were  also  equipped  with  a  spray  tank  nos  3  cone 
j-LL  v/x  \A0r  to  correctly  simulate  the  air  flow  through  and  around  the  turbine. 

The  curves  presented  in  Figures  17,  18,  and  19,  present  a  summary  of  the 
significant  results  obtained  during  the  wind  tunnel  testing.  Data  were  obtained  at  simu¬ 
lated  flight  conditions  within  a  MACH  number  range  of  0. 4  to  1. 29  at  altitudes  ranging 
from  sea  level  to  40,000  feet.  The  tests  were  conducted  during  the  period  January  13 
through  February  5  1965  in  propulsion  engine  test  cell  (T-1)  of  rocket  test  facility. 

The  initial  test  of  the  program  was  made  at  pressure  altitudes  from  10,000 
feet  to  40, 000  feet  and  MACH  numbers  from  0 . 4  to  1.0.  The  alternator  output  was  found 
to  be  much  lower  than  the  desired  900  watts,  hence  modificaticais  consisting  of  a  new 
alternator  field  exciter  winding,  addition  of  an  output  to  field  voltage  feedback  circuit 
and  a  longer  turbine  inlet  shroud  were  designed  and  incorporated  by  Hayes  personnel  to 
improve  system  performance.  Comparative  data  showinr  performance  with  each 


Figure  18  FULL  LOAD  PERFORMANCE  OF  CONnOURATION  3.  MODEL  90A  POWER  SI  STEM 


PERFORMANCE  OF  CONFIGURATION  3,  MODEL  90A  POWER  SYSTEM 
CONTINUED 


modific-ation  at  sea  level  eoiuIiUoiiH,  l)  degrees  angle  of  utlaek  are  ahowai  in  Figure  17. 
The  modifications  improved  i)erformant‘(‘  sign ifieantly  and  the  remainder  of  the  test 
program  was  conducted  with  the  configuration  3  power  unit  (new  exciter  field  winding, 
addition  of  feedback  and  longer  turbine  shroud). 

The  data  obtained  with  the  configuration  3  system  at  0,  4,  and  8  degree  angle 
of  attack  at  four  pressure  altitudes  are  shown  in  figures  18  and  19.  Performance  daki 
consisting  of  alternator  output  power  and  speed  are  shown  for  each  test  condition  Ex-* 
eept  for  sea  level  0  degree  angle  of  attack,  all  daUi  were  obtained  with  the  alternator 
loaded  with  nine  125  ohm  resistors  plus  one  100  watt  bulb.  When  the  sea  level  0  degree 
angle  of  attack  data  were  obtained,  a  faulty  voltmeter  imposed  an  approximate  45  watt 
additional  load  on  the  alternator.  This  probably  accounted  for  the  high  power  output 
although  the  additional  45  watts  should  not  drop  the  alternator  speed  as  much  as  indi¬ 
cated.  The  fact  that  these  daUi  were  obtained  with  a  slightly  different  turbine  wheel 
than  the  remainder  of  the  data  were  obUiined  with,  could  also  contribute  to  the  speed 
difference. 

System  performance  relative  to  the  test  rated  output  power  envelope  shown  on 
each  curve  is  marginal  in  the  low  MACH  number  regions  at  all  altitudes.  It  was  not 
attempted  to  obtain  the  rated  power  of  900  watts  at  the  high  MACH  number  by  using  ad¬ 
ditional  loads  although  adequate  speed  was  available.  However,  it  should  be  pointed  out 
ihat  the  maximum  rated  requirement  for  the  alternator  application  is  810  watts  while 
900  watts  was  established  purely  as  a  test  requirement  feature. 

The  data  presented  in  Figures  18  and  19  were  obtained  with  an  alternator  no- 
load  output  voltage  maintained  by  the  voltage  regulator  at  a  nominal  value  of  114  VRMS. 

In  most  cases  the  voltage  drop  between  the  alternator  no-load  level  and  maximum  power 
was  approximately  7  volts.  The  maximum  alternator  no-load  speed  of  19,020  RPM  was 
recorded  at  MACH  number  1.29,  10,000  feet  altitude,  0  degree  angle  of  attack. 

Stmictural  integrity^  of  the  power  system  was  adequate  except  for  one  test 
during  which  turbine  blade  failure  occurred.  This  part  had  accrued  a  total  running  time 
of  47  hours  and  a  post  test  mebillurgical  analysis  indicated  that  the  failure  was  caused  by 
metal  fatigue. 

The  test  results  showoi  in  Figures  18  and  19  are  based  on  partial  analysis  of 
the  test  data  contained  in  the  Arnold  Engineering  Development  Center  Test  Report  Pro¬ 
ject  Number  RA  0512,  (Reference  #2. ) 

Final  analysis  of  this  data  is  contained  in  Arnold  Engineering  Development 
Center  Document  No.  AEIX^-TR-65-112,  '’A  Performance  Evaluation  of  the  A/B45Y-1 
Biological  Spray  Tank  Electrical  Power  J^stem  at  Simulated  Flight  Conditions^', 
(Reference  #3 . ) 

The  alternator  configuration  showing  the  extended  shroud  added  during  the 
wind  tunnel  test  program  :ind  the  revised  regulator  circuits  are  shown  in  Figures  20 
and  21. 

This  configuration  and  circuit  was  adopted  for  inclusion  on  the  remaining 
Phase  II  hardware,  existing  units  being  retrofitted  to  incorporate  the  changes. 


SHROUD  EXTENSION  -  WIND  DRIVEN  GENERATOR, 
MODEL  HIC-90A 
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2.3 


Analysis  of  the  Tank  Aircraft  Mating 


.  In  order  to  mechanically  mate  the  original  spray  tank  to  the  carrying  air- 
“V^t,  the  tank  was  furnished  with  30  inch  suspension  lugs  at  Stitions  57  and  87,  and 
14  inch  suspension  lugs  at  Stations  65  and  79. 

For  electrical  mating,  two  identical  connectors,  Part  Number  MS3102R'24-71^ 
wired  in  parallel  were  provided  forward  and  aft  of  the  suspension  lugs  ai  Stations  52  and 
92.75. 


A  review  of  the  pylons,  racks,  and  electrical  connectors  installed  in  the  sub¬ 
ject  aircraft,  F4C,  F105,  and  FlOO,  revealed  that  the  existing  suspension  lugs  were 
adequate  for  mechanical  mating.  However,  in  all  instances  the  electrical  connector 
was  located  aft  of  the  aft  30  inch  suspension  lug  and  only  the  F105  aircraft  was  equipped 
with  a  connector  that  would  physically  mate  with  the  connector  installed  on  the  tank. 

This  connector  was  located  in  the  pylon  at  a  distance  of  6.25  inches  aft  of  the  aft  30  inch 
suspensicai  lug  corresponding  with  Station  93. 25  on  the  tank,  giving  a  one-half  inch 
misalignment. 

Consequently  the  tank  as  it  existed  was  incapable  of  being  mated  electrically 
to  any  of  the  proposed  carrying  aircraft,  thereby  dictating  a  redesign  of  the  tank  elec¬ 
trical  mating  system. 


2.3.1  Individual  Aircraft  Installa  .ion 

F4C  Aircraft  -  The  tank  attaches  to  the  outboard  pylon  only,  as  mechanical 
interference  with  the  undercarriage  prevents  carriage  at  the  inboard  station 
on  this  aircraft.  There  is  no  ejection  capability  from  this  pylon.  Electrical 
connection  is  made  through  an  adapter  plate  assembly  to  the  multiple  weapons 
and  GAM-83  A&B  disconnect,  PI,  on  the  outboard  pylcMi,  (access  door  211). 

F1Q5  Aircraft  -  The  tank  attaches  to  the  14  inch  ejector  rack  in  the  outboard 
universal  bomb  pylon  and  the  14’*  or  30”  ejector  rack  in  the  inboard  multiple 
weapons  pylon.  Electrical  connection  is  made  through  an  adapter  plate  assem¬ 
bly  to  the  auxiliary  stores  electrical  plug  (aft),  P357,  in  the  outboard  pylon. 
Electrical  connection  to  the  inboard  pylon  is  made  through  an  adapter  plate  as¬ 
sembly  to  the  universal  stores  disconnect,  P678  (Pi). 

FlOO  Aircraft  -  The  tank  attaches  to  the  14-inch  ejector  rack  in  the  type  IIIA 
pylon  at  outboard  and/or  iiiterruediate  wing  staliiHis.  Electrical  connection  is 
made  through  an  adapter  plate  assembly  to  the  LAU-3/A  quick  disconnect 
plug  (P737). 

2.3.2  Development  of  the  lank  Aircraft  Electrical  Mating 

From  the  review  of  the  subject  aircraft,  it  was  determined  that  the  tank  would 
have  to  be  furnished  with  some  method  of  electrical  interface  that  would  provide  a 
variety  of  different  connectors  located  at  various  positions  in  relation  to  the  suspension 
lugs. 


The  necessary  connector  requirements  are  tabulated  in  Tables  U  and  III.  The 
individual  locations  are  spelled  out  both  as  the  required  distance  aft  of  the  aft  30  inch 
suspension  lug  and  the  corresponding  station  number  on  the  original  tank  together  with 
the  connector  part  number  required  on  the  tank,  and  the  connector  pin  function  allocation. 
As  all  connectors  are  located  aft  of  the  suspension  lugs,  the  requirement  for  the  forward 
connector  was  eliminated. 


AIRCRAFT 

TYPE 

TANK 

CONNECTOR 

PART  NO. 

DISTANCE  AFT 

OF  AFT  30 

INCH  LUG 

CORRESPONDING 

TANK 

STATION  NO. 

F4C 

Deutsch, 

5606 -19 12  P 

6.75 

93.75 

F105 

MS3102A-24-7P 

6.25 

93.25 

FIDO 

MS3102A-14-5P 

6.375 

93.375 

TABLE  n  CONNECTOR  LOCATION 

AIRCRAFT 

TYPE 

TAIL  DISSEMDIATION 

ARM  CIRCUIT  GROUND 

INDICATOR 

LIGHT 

F4C 

3  8 

7 

1 

F105 

N  A 

E 

FlOO 

B  D 

E 

TABI.E  m  CONNECTOR  PIN  FUNCTION  ALLOCATION 


In  order  to  provide  the  required  interchangeable  connector  capability,  it  was 
decided  to  terminate  the  wiring  in  the  tank  at  a  single  common  connector  and  furnish 
individual  adapter  cables  that  would  mate  with  this  common  connector  and  provide  the 
desired  pylon  Interface  connector. 

For  mechanically  locating  the  interface  connector,  a  well  was  cut  in  the  tank 
by  elongating  the  existing  hole  in  the  wiring  tunnel  and  a  boss  bonded  to  the  outer  skin  to 
provide  a  flat  mounting  surface  with  eight  tapped  mounting  holes  (see  Figure  22).  For 
each  aircraft  type,  an  adapter  plate  was  designed  that  would  moimt  to  this  surface  with 
provision  to  assemble  the  appropriate  interface  connector  at  the  correct  station  location 
(see  Figure  23).  The  adapter  plate  and  adapter  cable  are  furnished  as  an  Integral  as¬ 
sembly  and  suitably  identified.  For  shipping,  the  tank  is  fitted  with  a  cover  plate  on  the 
boss,  which  is  removed  and  replaced  by  the  appropriate  electrical  interface  adapter  as¬ 
sembly  prior  to  installing  the  tank  on  the  aircraft. 

This  design  readily  lends  itself  to  producing  other  adapter  plate  and  cable  as¬ 
semblies  in  order  to  mate  the  tank  to  aircraft  other  than  those  originally  specified. 
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Figure  22  MODIFIED  AFT  CONNECTOR  MOUNT 
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AFT  50  INCH  LUG 


FlOO  AIRCRAFT 


e.29 


F4C  AIRCRAFT 


Figure  23  TANK  AIRCRAFT  ELECTRICAL  MATING 
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2.4 


Development  of  the  Tank  Modification  and  Test  Set 


2.4.1  Phase  II  Requirements 

Originally  the  requirements  of  Phase  II  called  for  the  following  hardware  to 
be  modified  or  fabricated: 

1.  Two  (?)  modified  tanks,  functionally  operational  Serial  numbers  14  and  15. 

2.  Two  (2)  modified  tanks,  nonfunctional  Serial  numbers  13  and  17. 

The  modification  of  the  nonfunctional  tanks  to  be  identical  to  the  functional 
tanks  with  the  exception  of  the  new  wiring. 

3.  Four  (4)  test  sets 

4.  Two  (2)  spare  generator  and  nose  cone  assemblies 

All  this  hardware  was  scheduled  for  delivery  to  Eglin  Air  Force  Base. 

Prior  to  the  commencement  of  Phase  II,  the  hardware  requirements  were 
changed  to  include  one  extra  tank  and  the  delivery  instructions  revised  as  follows: 

1.  Three  (3)  modified  tanks  functionally  operational  made  up  of: 

a.  One  (1)  modified  old  tank  Serial  No.  15  for  delivery  to  Picatinny 
Arsenal  for  environmental  tests. 

b.  Two  (2)  modified  new  tanks  for  delivery  to  Eglin  for  flight  tests, 

Serial  numbers  23  and  27. 

2.  Two  (2)  modified  old  tanks.  Serial  numbers  13  and  17,  nonfunctional  for 
airborne  jettison  tests  for  delivery  to  Eglin. 

3.  Four  (4)  test  sets  for  delivery  to  Eglin. 

4.  Two  (2)  spare  generator  and  nose  cone  assemblies  to  be  initially  delivered 
to  Arnold  Engineering  Development  Center,  Tullahoma,  for  wind  tunnel  testing  then 
forwarded  to  Eglin. 

Later  in  June  1965,  an  additional  functionally  operational  modified  tank  Serial 
number  22  was  transferred  to  Phase  II  from  Phase  ni  for  delivery  to  Eglin  Air  Force 
Base. 

2.4.2  Development  of  the  Tank  Modification 

The  overall  taiik  modification  was  made  up  from  a  combination  of  those  areas 
whose  detail  analysis  and  development  have  been  described  in  the  undermentioned 

1.  Tank  control  circuit:  Section  2. 1.3 

2.  Tank  heater  circuit:  Section  2.  2.2 

3 .  Self  contained  power  supply:  Section  2.2.3 

4.  Tank  aircraft  mating:  Section  2.3.2 
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The  first  overall  design  configuration  of  the  modification  tiink  was  assembled 
to  cater  to  the  single  wire  control  system  and  to  utilize  the  originally  proposed  115  VAC 
three  phase  self-contained  power  supply.  Choice  of  hea  ?r  circuit  was  left  open  pending 
preliminary^  testing  of  the  generator  and  transformers  to  determine  the  power  output 
from  this  combination.  The  configuration  utilized  the  following  circuits: 

1.  Control  Circuit:  Figure  7 

2.  Heater  Circuit:  Figure  10  or  Figure  11 

3.  Power  Supply:  Figure  15 

In  order  to  mount  the  w^nd  driven  generator  at  the  forward  end  of  the  tank,  a 
new  nose  cone  made  from  an  alun  num  spinning  was  designed.  A  preliminary  stress 
analysis  of  this  new  nose  cone  is  included  in  Appendix  II.  The  three  (3)  transformers, 
external  power  relay,  and  the  stepping  switch  were  mounted  on  a  new  bracket  attached 
to  the  rear  frame  of  the  U^nk  center  body.  Ballast  to  maintain  weight  and  balance  was 
provided  in  the  tail  of  the  tank  by  filling  the  tail  cone  cap  with  ’’Cerrobase’^  alloy  and 
locating  additional  weight  on  the  tail  pipe. 

With  the  approval  of  the  additional  wiring  added  to  the  various  pylons  on  the 
designated  aircraft,  the  overall  design  configuration  was  changed  to  hicorporate  the 
control  circuit  that  had  been  prepared  for  this  wiring  change  which  provided  separate 
arming  and  dissemination  control.  It  was  also  decided  at  this  time  to  retain  the 
original  heater  circuit,  which  used  the  heater  changeover  relay.  This  configuration, 
the  first  submitted  for  approval,  was  assembled  from  the  following  circuits: 

1.  Control  Circuit:  Figure  9 

2.  Heater  Circuit:  Figure  10 

3.  Power  Supply:  Figure  15 

With  the  approval  of  this  second  configuration,  procurement  of  components 
was  initiated.  This  enabled  preliminary  testing  of  the  generator  transformer  combi¬ 
nation  to  be  carried  out.  The  problems  brought  to  light  by  this  testing  associated  with 
phase  unbalance  due  to  random  loading  and  the  high  power  loss  in  the  transformers  due 
to  varying  frequency  are  described  in  Section  2.2.3.  This  dictated  the  abandonment  of 
the  three  phase  power  supply  in  favor  of  a  115  VAC  single  phase  supply  and  the  elimi¬ 
nation  of  the  three  transformers.  Preliminary  testing  of  the  single  phase  power  supply 
indicated  that  the  power  output  was  adequate  to  meet  the  requirements  of  an  all -heater- 
on -all -the -time  condition  so  the  heater  circuit  was  changed  accordingly.  During  this 
period,  the  umbilical  connector  arrangement  was  also  revised. 

Consequently,  a  third  configuration  was  prepared  incorporating  these  changes 
and  submitted  for  approval.  This  configuration,  the  one  adopted  for  the  modification  of 
the  spray  tanks  uimer  Phase  II  utilized  the  following  circuits  and  tank  aircraft  mating. 

1.  Control  Circuit:  Figure  9 

2.  Heater  Circuit:  Figure  12 

3.  Power  Supply:  Figure  16 

4.  Tank  Aircraft  Mating:  Figures  22  and  23 
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h\  order  to  offset  the  weight  of  tlu*  U’ansforniors  whieh  had  been  eliminated, 
ballast  weights  were  substituted  i  the  same  loeation  at  Sbition  128.  The  existing  heater 
changeover  relay  located  in  the  control  module  which  had  been  made  redundant  was  now 
used  in  tne  gate  valve  control  circuit.  All  the  spray  tiinks  initially  supplied  under  I%isc 
II  were  modified  to  this  configuration. 


During  November  1964,  the  following  hardware  under  Item  2a  of  the  contract 
was  completed  and  delivered: 


shipped  to  Picatinny  Arsenal  on  16  November  1964. 


waa  COinpieueu  auCi 


2.  Two  (2)  nonfunctional  modified  tanks,  Serial  numbers  13  and  17  were  com¬ 
pleted  and  shipped  to  Eglin  Air  Force  Rise  on  20  November  1964. 


3.  Two  (2)  generator  and  nose  cone  assemblies  were  completed  and  shipped 
to  the  Arnold  Engineering  Development  Center,  Tullahoma,  20  November  1964. 


During  December  1964,  the  following  hardware  was  delivered: 

1.  Two  (2)  functional  modified  tanks,  Serial  numbers  23  and  2*;,  were  shipped 
to  Eglin  on  19  December  1964. 

2.  Two  (2)  test  sets.  Serial  numbers  001,  and  002,  were  completed  and 
shipped  to  Eglin  on  19  December  1964. 


l^vo  test  sets,  Serial  numbers  003  and  004,  were  retained  at  Hayes  for 
eventual  check-out  of  hardware  built  under  Phase  HI, 


The  shipping  of  this  hardware  completed  the  following  items  of  the  contract: 
Item  1  -  Phase  I,  Design 

Item  2  -  Phase  II  (a).  Modification  of  Test  Items 

Item  4  -  Test  Sets 

Item  6  -  Dummy  Tanks 

Item  7  -  Spares  (shipped  to  Tullahoma) 

Item  12  -  Test  Plan 


During  July  1965,  the  following  additional  hardware  was  delivered: 

1.  One  (1)  functional  modified  tank,  serial  no.  22,  was  completed  and  shipped 
to  Eglin  Air  Force  Base  28  July  1965. 

With  the  delivery  of  the  initial  hardware,  testing  was  commenced  and  com¬ 
pleted  as  follows: 

1.  Environmental  testing  conducted  at  WYLE  Laboratories,  Huntsville,  on 
the  wind  driven  geneiator  was  completed  on  24  December  1964,  (see  Reference  1). 

2.  Environmental  testing  conducted  at  Picatinny  Arsenal,  Dover,  New  Jersey, 
on  a  modified  functional  tank,  serial  number  15,  was  commenced  during  December  1964 
and  completed  firing  January  1965,  (sec  Reference  4). 

3.  Wind  tumiel  testing,  conducted  at  the  Arnold  Engineering  Test  Center, 
Tullahoma,  on  the  wind  driven  generator  was  started  in  December  1964  and  continued 
from  13  January  1965  through  5  February  1956,  (see  References  2  and  3). 
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As  a  result  of  the  vviud  Umiiel  tests  ea  tried  out  on  the  generator  at  the  A  mold 
Engineering  Test  Center  at  TuUahoma  and  the  environment:!!  tests  carried  out  on  a  com¬ 
plete  lank  at  Picatinny  Arsenal,  a  number  of  chinges  were  deemed  necessary  to  resolve 
various  problems  which  arose. 

These  changes  were*  subsequently  incorporated  into  the  four  (4)  remaining 
tanks  -  two  (2)  functional,  serial  numbers  23  and  27,  and  two  (2)  nonfunctional,  serial 
numbers  13  and  17  -  by  a  retrofit  program  prior  to  proceeding  with  the  remainder  of 
the  test  program  under  Phase  II, 

The  problems  arising  from  the  wind  tunnel  testing  and  the  remedial  cirmges 
both  mechiinical  and  electrical  relating  to  the  generator  and  regulator  are  dehiiled  in 
Section  2.2,3,  Basically  these  were  the  addition  of  the  shroud  extension  shown  in  Fig¬ 
ure  20  and  the  electrical  circuit  changes  shown  in  Figure  21.  The  final  overall  elec¬ 
trical  schematic  for  these  modified  spi'ay  tanks  is  shown  in  Figure  24. 

During  the  environmenUil  test  program  carried  out  at  Picatinny  Arsenal,  tank 
serial  number  15  incurred  damage.  The  tests  carried  out  were  vibration  testing  per 
MIL-E-5272C,  Procedure  XII,  in  the  vex'tical,  lateral,  and  longitudinal  axes. 

A  detail  report  of  this  test  program  is  contained  in  the  Tactical  Warhead 
laboratory,  Nuclear  Engineering  Directorate,  Picatinny  Arsenal,  Dover,  New  Jersey, 
document:  A/B45Y-1  Biological  Spray  Tank  (Modified),  Part  Number  100-06528,  Test 
Number  87-64,  (Reference  4). 

Vertical  and  lateral  testing  was  completed  successfully. 

After  twenty -eight  minutes  of  the  final  thirty -minute  resonance  run  in  the 
longitudinal  axis  at  60  CPS,  one  suspension  hook  on  the  bomb  rack  att:iching  the  tank  to 
the  test  fixture  failed.  The  test  was  terminated. 

Subsequent  inspection  of  the  tank  revealed  the  following  damage  confined  to 
the  nose  secticxi  and  the  tail  section. 

Nose  Section: 

1.  Three  upper  attachment  screws  attaching  the  wind  driven  generator  to  the 
nose  cone  had  sheared. 

2.  The  bolt  at  one  end  of  one  of  the  air  bottle  retaining  sti'aps  was  sheared  off. 

3.  Two  of  the  four  channel  sections  attaching  the  air  bottle  mounting  ring  to 
the  nose  cone  mounting  ring  were  broken. 

4.  The  high  pressure  air  line  between  the  air  bottle  and  the  explosive  valve 
was  broken. 

Tail  Sectic«i; 

1,  The  liquid  line  between  the  gate  valve  and  the  flow  indicator  was  fractured 
at  the  pipe -to -flange  weld  at  the  flow  indicator  end. 

2.  The  upper  and  lower  ballast  weight  brackets  at  Stition  128  were  fractured 
on  the  left  h;ind  side.  One  was  fractured  at  the  bend,  the  other  at  the  moxinting  hole. 
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Figure  24  SCHEMATIC  A/B45Y  SPRAY  TANK  MODIFIED  UNDER  PHASE  H 
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APPLICAfc*  E  TO  THE  FOLLOWING  TANKS  ONLY 
SERIAL  NUMBERS  15,22.23,27. 


The  folhnvinfX  clizingcs  were  tiuido  lo  romcdy  those*  failuros: 

Nose  Soot  ion: 

1  .  Tho  gap  l>ei'veon  Iho  air  hottlo  mounting  brai*ket  and  tin*  now  n(»so  ton*' 
was  trllod  by  tho  addition  of  a  1/1(5  thiok  nioUil  splioe  ring,  part  nuinbor  lOO-Ot).)  !  '), 
baokod  with  a  stri])  of  1/  IG  thiok  dIM  Sooloh-Mount  Foam  Tape,  par<  number  Y-GtXi^vA. 

Tail  Seotim: 

1.  Tho  b  illasL  woig.it  was  romovod  from  tho  delivoiy  j)ij)o. 

2,  Tho  upper  and  lower  braokets  used  to  mount  tho  ballast  weights  wore  re¬ 
designed  to  be  suffer  lo  inerease  their  spring  rale  and  raise  their  resonant  frequeney. 

2.  Tho  shear  plate  ])roviuusly  designed  as  part  of  the  ballast  atTulunent,  but 
omitted  from  the  test  unit  was  installed. 

Upon  eompletion  of  the  retrofit  to  Lneorporate  these  etianges,  mtxiified  functional 
tank,  serial  number  23,  was  ship])ed  lo  Idcatinny  Arsenal  in  order  to  repeat  the  environ¬ 
mental  tost  program.  For  tliis  testing,  wliieh  was  carried  out  during  June  1965,  the  test 
program  was  revised  insofar  as  vibration  tesling  was  carried  out  in  the  lateral,  longitudi¬ 
nal,  and  vex'tical  axes  in  accordance  with  MIL-STD-810A,  as  opposed  to  MIL-E-5272, 
Procedure  XII,  used  previously.  Liiteral  axis  testing  was  completed  successfully. 

IXiring  longitudinal  axis  tesling,  four  screws  on  the  generator  nose  cone  interface 
sheared,  and  intern  il  examination  of  the  generator  at  the  completion  of  this  test  revealed 
fra(‘ture  of  the  tixmsformer  mounts.  It  was  also  neeessarj^  to  reiighten  screws  securing 
the  generator  shroud  at  intervals  during  the  test. 

Testing  in  the  vertical  axis  was  halted  after  18  minutes  when  the  tail  cap 
sheared  loose  at  its  mounting  points.  During  this  period,  the  generator  mounting  bird- 
ware  loosened.  Prior  to  resuming  the  vertical  axis  test,  the  tank  was  modified  with  the 
installation  of  additional  birdware  at  the  generator  nose  cone  interface,  redesign  of  the 
transformer  mount,  and  substitution  wf  a  lightweight  tail  cap.  During  the  cycling  test, 
three  screws  at  the  nose  cone  centerbody  sheared  and  were  replaced.  Ehiring  the  reso¬ 
nance  tost  at  45  CPS,  the  generator  shroud  attachment  hardwax'e  loosened,  the  shroud 
brealong  loose  after  21  minutes.  Additionally,  two  screws  sheared  at  the  generator  nose 
(.  one  interface. 

Inspection  of  the  tank  at  completion  of  the  test  revealed  that  the  air  bottle  kid 
broken  loose  due  to  failure  of  a  retiining  strap  screw  and  the  tail  pipe  had  fractured 
forward  of  the  flow  indicator  flange. 

A  detail  report  of  this  test  program  is  contained  in  the  Tactical  Warhead 
I.aboratoi^  Nuclear  Engineering  Direelorau^  ITcatinny  Arsenal,  Dover,  New  Jersey; 
document:  A/B45Y-1  Biological  Spray  Tank  (Modified),  Part  Number  100-06528,  Test 
Number  43  C3,  (Reference  5). 

At  the  eompletion  of  this  latter  environmental  test  program,  all  the  ckinges 
made  during  the  test  togetiier  ^  ith  elimination  of  the  generator  shroud  to  spacer  mounting 
hardware  by  using  welded  e^>nsf  ruction  were  incorporated  into  the  remaining  existing 
modified  tanks. 
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Because  of  the  inability  of  the  modified  A/B45Y~1  Biological  Spray  Tank  to 
withstand  the  vibrational  stresses  imposed  upon  it  during  these  two  consecutive  environ¬ 
mental  test  programs,  an  analysis  was  made  of  all  the  environmental  testing  carried  out 
during  the  development  history  of  the  tank  to  see  if  any  particular  phenomena  or  failure 
pattern  were  present. 

A  detailed  report  of  this  analysis  is  contained  in  Appendix  V. 

In  essence,  a  review  and  analysis  was  made  of  all  the  test  reports  pertaining 
to  environmental  testing  of  the  A/B45Y-1  Biological  Spray  Tank,  It  was  concluded  that 
the  tank  had  been  overdriven  in  all  test  programs  as  test  input  vibratory  acceleration 
levels  for  resonance  dwell  were  not  attenuated  in  accordance  with  the  appropriate  test 
specifications  MIL-E-5272  and  MIL-STD-810A  to  which  the  tanks  were  tested  where  a 
test  specimen  weighs  in  excess  of  50  pounds.  Large  magnification  factors  were  evident 
in  the  bomb  rack  to  store  suspension  system  and  through  the  plastic  center  body  struc¬ 
ture  of  the  tank.  It  was  felt  that  these  two  factors  significantly  contributed  to  the  failure 
of  the  test  specimen  tank  during  testing.  The  effect  of  these  latter  factors  was  further 
amplified  by  the  failure  of  attachment  hardware  locking  mechanisms  which  allowed  the 
nose  and  tail  assemblies  to  whip. 

The  recommendation  of  the  report  was  for  the  tank  to  be  retested  in  accord¬ 
ance  with  MIL-STD-810A  with  full  attenuation  values  applied  to  input  levels,  additional 
locking  devices  incorporated  to  prevent  the  loosening  of  attachment  hardware,  and  local 
hardpad  plates  provided  at  the  tank  to  bomb  rack  sway  brace  interfaces. 

Modified  A/B45Y'l  Biological  Spray  Tank  serial  number  22  was  prepared  for 
testing  per  these  recommendations.  Self-locking  screws,  part  number  NAS  1164,  were 
substituted  for  the  nose  cone  and  tail  cone  attachment  hardware,  and  local  sway  brace 
hardpads  of  1/8^^  thick  sheet  aluminum  were  affixed  to  the  tank  centerbody. 

The  tank  was  shipped  to  Picatinny  Arsenal  for  testing  which  was  carried  out 
6  December  throiigh  10  December  1965. 

A  weight  and  balance  analysis  of  this  final  modified  design  equipped  with  a  wind 
driven  generator  is  included  in  Appendix  El. 

A  list  of  Class  II  drawings  detailing  the  tank  modification  is  given  in  Appendix  IV. 

The  test  program  called  for  vibration  testing  per  MIL-STD-810A  method  514. 1, 
Curve  B,  per  Time  Table  514-11  in  the  longitudinal  and  vertical  axis.  As  the  tank  had 
successfully  completed  testing  in  the  lateral  axis  on  a  previous  occasion,  it  was  decided 
not  to  repeat  this  axis  due  to  the  work  load  at  the  test  facility. 

The  tank  successfully  completed  three  hours  of  vibration  testing  in  the  longi¬ 
tudinal  axis  made  up  of  two  hours  of  cycling  and  one  hour  of  resonance  dwell. 

Vibration  testing  in  the  vertical  axis  was  terminated  after  two  hours  made  up  of 
one  and  a  half  hours  of  cycling  and  one -half  hour  of  resonance  dwell  as  the  test  item  in¬ 
curred  damage  as  follows: 

Three  (3)  nose  cone  to  center  body  attach  screws  sheared. 

Three  (3)  generator  to  nose  cone  attach  screws  sheared. 

Two  (2)  generator  shroud  attach  hardware  sheared. 
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After  the  tank  was  repaired,  it  was  decided  to  recommence  the  vertical  axis 
testing  from  the  beginning. 

After  22  minutes  of  cycling,  noises  were  heard  in  the  tail.  The  tail  cone  was 
removed,  and  it  was  found  that  the  tail  pipe  had  come  loose  forward  of  the  flow  indicator. 
The  screws  were  replaced  and  the  tail  cone  reassembled.  Two  existing  captive  nuts  on 
top  were  sheared  at  this  interface  . 

Testing  was  continued  for  a  total  of  two  and  a  half  hours  cycling  and  one -half 
hour  at  rescHiance  dwell.  (This  gave  a  grand  total  of  vertical  axis  testing  of  four  hours 
cycling  and  one  hour  at  resonance.) 

Ten  minutes  before  completion  of  the  test  noises  eminating  from  the  nose  indi¬ 
cated  that  the  air  bottle  might  be  loose.  Upon  completion  of  testing,  the  nose  cone  and 
tail  cone  were  removed.  Inspection  showed  that  the  air  bottle  attachment  screws  had 
sheared  and  the  tail  pipe  welded  flange  joint  forward  of  the  flow  indicator  was  fractured. 

As  a  result  of  failures  incurred  by  the  tank  during  tliis  latest  test,  a  review  of 
the  overall  modification  program  was  made  in  February  1966  to  determine  if  the  original 
concept  of  adding  a  wind  driven  generator  to  the  nose  of  the  existing  tank  structure  was 
indeed  feasible.  The  second  objective  of  the  review  was  to  decide  the  future  action  in 
regard  to  the  remaining  tanks  scheduled  for  modification  under  Phase  in  of  the  program 
and  the  modification  data  to  be  incorporated  into  the  updating  of  the  existing  Class  I 
drawings. 


The  following  decisions  were  arrived  at  and  future  action  decided  upon  at  this 

review: 

1 .  Decisions 

a .  It  was  decided  that  the  existing  tank  structure  did  not  lend  itself  to  the 
attachment  of  a  wind  driven  generator  at  the  forward  extremity  due  to  the  flexibility  of 
the  basic  tank  structure  which  resulted  in  high  magnification  factors  imposing  excessive 
loads  on  the  generator  and  nose  cone  attachment,  46  g  being  recorded  for  an  input  of  5  g 
during  the  latest  test. 

b.  The  existing  tank  structure  could  not  readily  be  modified  to  alleviate 

this  problem. 

c.  It  could  not  be  definitely  determined  if  the  excessive  deflection  of  the 
t^ink  structure  had  been  the  prime  reason  for  the  failure  of  other  components  like  the  air 
bottle  attachment  or  the  tail  pipe  assembly.  These  items  had  experienced  trouble  tn  all 
environmental  testing  of  modified  tanks  equipped  with  generators,  but  appeared  to  have 
survived  testing  of  the  original  tank  configuration. 

2 .  Modification  of  remaining  existing  tanks 

The  remaining  existing  tanks  originally  scheduled  for  modification  under  Phase 
III  should  incorporate  the  following  changes. 

a.  The  revised  arming  and  control  circuit  wiring. 

b.  The  heater  circuit  to  be  revised  with  provision  for  115  VAC,  3  phase, 
400  CPS  aircraft  power  at  the  tank  to  aircraft  electrical  connector. 

c.  Eliminate  the  wind  driven  generator. 

d.  Eliminate  the  electrical  hookup  for  the  wind  driven  generator. 
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G,  Provide  the  external  power  connector. 

f.  Provide  the  redesigned  tank  to  aircraft  electrical  connector  arrange¬ 
ment  with  associated  adapter  plate  assemblies. 

g.  Eliminate  the  forward  tank  to  aircraft  electrical  connector. 

3.  Updating  of  Class  I  Drawings 

The  updating  of  Class  I  drawings  for  the  modified  A/B45Y-1  Biological  Spray 
Tank  and  the  TUU-251/E  Test  Set  should: 

a.  Tank  Drawings 

1^.  Eliminate  the  wind  driven  generator  but  provide  means  for  in¬ 
stalling  one  at  some  future  date. 

2.  Provide  an  improved  method  of  securing  the  nose  cone  by  in¬ 
creasing  the  quantity  and  size  of  the  attachment  hardware. 

Reflect  the  possibility  of  providing  better  accessibility  tq  the 
forward  explosive  valves. 

4,  Provide  electrical  hook  up  for  the  wind  driven  generator. 

Provide  wiring  at  the  tank  to  aircraft  electrical  connector  for 
115  VAC,  3  phase,  400  CPS  aircraft  power  to  supply  the  heater  circuit. 

6^.  Remove  the  forward  exietlng  tank  to  aircraft  electrical  connector. 

Retain  the  redesigned  tank  to  aircraft  electrical  connector  arrange¬ 
ment  with  appropriate  adapter  plate  assemblies  but  lower  the  overall  height  1/8  inch. 

8^.  Provide  metal  hardpad  inserts  at  points  where  the  bomb  rack  sway 
braces  interface  with  the  tank  body. 

9.  Provide  an  improved  method  of  securing  the  tail  cone  similar 

to  the  nose  cone. 

10.  Investigate  and  if  necessary  incorporate,  the  need  to  strengthen 
both  the  forward  and  aft  bulkheads. 

11.  Remove  the  Flow  Indicator  and  make  the  tail  pipe  a  one-piece 

assembly. 

12.  Retain  the  external  power  connector. 

13.  Show  the  bolts  securing  the  air  bottle  retaining  straps  increased 
in  size  with  increased  strap  thickness  as  necessaiy^ 

14.  Provide  a  rubber  pad  beneath  the  nozzle  mounting  bracket  at  the 
upper  end  of  the  tail  fin. 

15.  Revise  the  nameplate  drawing  per  supplied  sample, 

b.  Test  Set 

1_.  Provide  the  test  set  with  the  capability  to  check  out  115  VAC,  3 
phase,  400  CPS  power  at  the  aircraft  pylon  connector. 

The  Class  I  drawings  for  both  the  tank  and  the  test  set  were  updated  during 
March  1966.  The  Handbook  of  Instructions  for  Operation  and  Maintenance  of  the 
A/B45Y-1  Biological  Spray  Tank  was  also  updated  at  this  time  to  reflect  the  tank  cchi- 
figuration  changes  included  in  the  Class  I  drawings. 
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2.4.3  Final  Design  Configuration  for  the  Modified  Tank 

In  order  to  meet  the  desired  requircjnents  agreed  upon  at  the  February  1966 
review  for  inclusion  In  the  updated  Class  I  drawings,  the  following  mechanical  and 
electrical  changes  were  made  to  the  tank  configuration; 

1,  Mechanical  Changes 

a.  Nose  Cone  Attachment  -  the  attachment  kirdware  was  changed  from 
six  (6)  1/4  -  28  UNF  screws  to  twelve  (12)  5/16  -  24  UNF  self -locking  screws  (NAS 
1165).  The  matlog  captive  nuts  were  also  changed  in  like  quantity  and  size  and  a  heavier 
duty  unit  called  out,  (NAS  1031), 

b.  Tail  Cone  Attachment  -  the  attachment  hardware  was  clianged  from 
sixteen  (16)  1/4  -  28  UNF  screws  to  sixteen  (16)  5/16  -  24  UNF  self-locking  screws  (NAS 
1165).  The  mating  captive  nuts  were  changed  to  a  like  size  heav'ier  duty  unit  (NAS  1031). 

c.  Explosive  Valve  Access  -  minor  configuration  changes  were  made  to 
the  forward  longerons  to  give  improved  access  to  the  forward  explosive  valves. 

d.  Tail  Pipe  -  the  flow  indicator  was  removed  and  the  tail  pipe  made  as 
a  single  welded  assembly,  with  increased  tube  wall  thickness. 

e.  The  boss  located  on  the  top  of  the  tank  associated  with  the  aircraft  to 
tank  electrical  connector  was  reduced  in  height, 

f.  Local  hardpads  of  aluminum  sheet  were  added  to  the  top  of  the  tank 
adjacent  to  the  suspension  lugs. 

g.  Air  Bottle  Attachment  -  the  attachment  hardware  was  changed  from 
1/4  -  28  UNF  to  5/16  -  24  UNF  and  the  strap  thickness  increased. 

h.  A  rubber  pad  was  installed  beneath  the  nozzle  mounting  bracket  at  the 
upper  end  of  the  tail  fin, 

2.  Electrical  Changes 

a.  Heater  Circuit  -  the  heater  circuit  was  changed  to  accept  115  VAC, 

3  phase,  400  CPS  aircraft  power  (see  Figure  25).  In  order  to  isolate  this  circuit,  a 
relay  K5  was  added.  Relays  K4  and  K5  were  incorporated  into  a  new  electrical  puwcr 
module  located  on  the  right  hand  side  of  the  aft  bulkhead. 

The  overall  electrical  schematic  for  the  final  design  configuration  of  the 
modified  spray  tank  is  given  in  Figure  26 . 

The  basic  nominal  characteristics  of  this  tank  configuraticm  are  unchanged 
from  those  of  the  original  tank  which  are  given  in  Figure  27. 

2.4.4  Design  Configuration  for  the  Remaining  Six  Modified  Tanks  Reworked  Under 

Phase  in 


In  order  to  meet  the  desired  requirements  agreed  upon  at  the  February  1966 
review  in  regard  to  the  remaining  tanks  scheduled  for  modification  under  Phase  III,  the 
following  mechanical  and  electrical  changes  were  made  to  the  existing  tank  configuration. 

1.  Mechanical  Changes 

a.  The  nose  cone  attachment  hardware  was  changed  to  1/4  -  28  UNF  self¬ 
locking  screws  (NAS  1164). 
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Figure  26  SCHEMATIC  A/B46Y-1  SPRAY  TANK  FINAL  CONFIGURATION 
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HASIC  NOMINAL  STATIS'riC'J^ 


SI  lA  I » E :  Doug  la  s  Store 
IjCngth  Overall; 
Diameter  (maximum): 
Fineness  ILitio: 
Constant  Section: 


i49.G9  Inches  (from  sti  Oat  projected  apex  of  nose  cone) 
17,0  inches 
3.805 

24.5  inches 


EXTERNAL  SURFACE: 

Tank  (except  fins):  41. 44  square  feet 

Fins  (i:)rojectod)  9.136  square  feet 


WEIGHTS: 

Nose  Cone: 
Tail  Cone: 
Main  Section; 


5 . 5  pounds 
23 . 7  pounds 
201.3  pounds 


Tank  Empty  Total; 
Agent: 


230. 5  pounds 
529.0  pounds 


Tank  Full  Total:  759.  5  pounds 


VOLUMES  AND  CENTROIDS: 
Gross; 

Agent; 

Expiinsion  Space: 

Tank  Empty; 


66.2  U.  S.  Gallcms 
63.5  U.  S.  Gallons 
4%  of  gross  volume 


Sta  71.7 
Sta  70.2 

Sta  75.3 


NOTE 

Maximum  moment  change  (20^  nose  up  to  20^  nose 
down  attitude)  is  11,500  in-lbs  (incurred  when  32. 5 
U.S.  gallons  of  liquid  remains  in  tank). 


SYSTEMS; 

Pressurization  (reservoir):  375  cubic  inches 
Pressurization  (active):  — 

Liquid  Discharge  Rate:  20  U.S.  gal/minute 


TEMPERATURE  LIMITS: 
Ambient: 

Liquid; 

Heater  Operation; 


-54  C  to  +71*^0 
+  2°C  to  agent  limit 
-54°C  to  +10OC 


3,000  psig 
40  pslg 
166  Ib/minute 


Figure  27  BASIC  NOMINAL  STATISTICS 
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b.  The  tail  cone  attachment  hardware  was  changed  to  self -locking 
screws  (NAS  1164). 

c.  The  external  power  connector  was  added  to  the  underside  of  the  tail 

cone. 

d.  The  redesigned  tank  to  aircraft  electrical  ccxmector  arrangement  with 
associated  adapter  plates  was  added  to  replace  the  aft  electrical  connector, 

6.  The  forward  electrical  connector  was  eliminated. 

f .  A  new  bracket  was  made  to  replace  the  tail  cone  disconnect  plug 
bracket  with  provision  for  mounting  the  external  power  relay  K4. 

g.  A  rubber  pad  was  installed  beneath  the  nozzle  mounting  bracket  at 
the  upper  end  of  the  tail  fin. 

2.  Electrical  Changes 

a.  Heater  Circuit  -  the  heater  circidt  was  revised  to  eliminate  the  wind 
driven  generator  hookup  and  accept  115  VAC,  3  phase,  400  CPS  aircraft  power  (see  fig¬ 
ure  28). 


The  overall  electrical  schematic  for  the  six  tanks  modified  under  Phase  HI  is 
given  in  Figure  29. 

The  basic  nominal  characteristics  of  this  tank  ccwfiguration  are  unchanged 
from  those  of  the  original  tank  which  are  given  in  Figure  27. 

2.4.5  Development  of  the  TUU-251/E  Test  Set 

At  the  completion  of  the  first  overall  design  configuration  for  the  modified 
tank,  a  preliminary  circuit  was  prepared  for  the  test  set.  This  circuit  was  assembled 
aro\md  a  twenty -four  position  rotary  selector  switch,  a  number  of  Indicator  lamps,  a 
press -to-test  switch,  and  five  cable  assemblies;  one  for  the  forward  end  of  the  tank, 
one  for  the  aft  end  of  the  tank,  one  for  the  tank  umbilical  connector,  one  for  the  external 
power  supply  and  one  for  tfae  aircraft.  In  operation,  the  test  set  is  connected  to  the  ap¬ 
propriate  locations  tnd  the  rotary  switch  progressively  rotated,  and  at  each  positicxi, 
the  press-to-test  switch  is  operated  and  the  pertinent  go-no-go  information  provided  by 
an  indicator  lamp.  The  unit  also  incorporates  its  own  self -checking  circuit. 

The  TTU-£  j1/E  test  set  is  basically  a  continuity  tester  used  to  check  out  the 
electrical  wiring  in  the  tank,  however,  the  unit  will  also  check  the  wind  driven  electrical 
generator,  gate  valve  operation,  and  all  relays.  Provision  is  also  included  for  checking 
the  operation  of  the  appropriate  aircraft  control  circuits  at  the  pylon  electrical  discon¬ 
nect  which  mates  with  the  tank  umbilical  connector. 

The  circuit  is* packaged  in  a  standard  military  approved  combination  case 
which  measures  twelve  (12)  inches  wide  by  eighteen  (18)  inches  long  by  nine  (9)  inches 
high  and  weighs  twenty -four  (24)  pounds.  The  various  adapter  cables  and  a  handbook 
are  also  stored  within  the  case.  The  test  set  is  not  self  contained  in  the  true  sense  of 
the  woi'd,  insofar  as  it  does  not  contain  its  own  28  VDC  power  which  is  required  for 
opieration.  Consequently,  provision  is  included  for  connecting  the  unit  to  an  external 
power  source  like  the  standard  MD3  auxiliary  power  unit  which  is  available  at  most  Air 
Force  facilities. 
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F'lOOO  AIRCRAFT 


F>t050  AIRCRAFT 


F-4C  AIRCRAFT 


APPLICABLE  TO  THE  FOLLOWING  TANKS  ONLY: 
SERIAL  NUMBERS 


Figure  29  SCHEMATIC  A/B45Y-1  SPRAY  TANK  MODIFIED  UNDER  PHASE  m 
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Figure  30  SCHEMATIC  TTU-251/E  TEST  SET 
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The  combination  case  which  is  divided  into  two  halves  uses  the  lower  half  to 
house  the  test  equipment  wad  the  upper  half  to  store  the  auxiliary  equipment.  The  test 
equipment  is  assembled  to  a  single  panel  located  centrally  in  the  lower  half  which  mounts 
the  controls  and  indicator  lights.  From  this  assembly,  the  various  integral  cable  as¬ 
semblies  eminate  which  couple  to  the  tank,  aircraft  and  external  power  source.  These 
cable  assemblies  are  normally  stored  to  either  side  of  the  panel  in  the  lower  half  of  the 
case  and  are  designed  to  suit  the  F4C  aircraft  for  mating  to  the  aircraft  and  tank.  Adapter 
cables  are  provided  for  conversion  to  mate  with  the  FlOO  and  F105  aircraft.  This  was 
dcme  because  it  was  felt  that  the  F4C  being  the  last  of  these  aircraft  to  enter  service  with 
the  USAF  would  probably  be  the  last  aircraft  to  be  phased  out  and  would  therefore  enjoy 
longest  utilization.  Other  adapter  cables  can  be  readily  made  up  when  necessary  to  suit 
other  aircraft  types  should  it  be  decided  to  operate  the  tank  on  aircraft  types  other  than 
those  originally  planned  for.  These  adapter  cables  form  part  of  the  auxiliary  equipment 
stored  with  the  handbook  in  the  upper  half  of  the  test  set. 

As  the  design  of  the  modified  tank  configuration  developed  and  changes  were 
incorporated,  so  the  design  of  the  test  set  was  progressively  revised  in  order  to  remain 
compatible  with  the  tank.  Most  of  these  revisicxis  wptc  confined  to  the  test  set  circuit 
and  were  readily  introduced  as  wiring  changes  and  new  test  mode  nomenclature.  A  relay 
was  the  only  additional  component  added  during  development  and  this  was  incorporated  to 
ensure  positive  isolation  between  the  28  VDC  and  115  VAC,  400  CPS  power.  The  final 
circuit  adapted  for  the  test  set  is  given  in  Figure  30. 

A  list  of  Class  n  drawings  detailing  the  test  set  design  is  given  in  Appendix  D. 


56 


REFERENCES 


1.  WYLE  Laboratories  Report,  Job  Number  40323,  Environmental  Tests  -  Airborne 
Generator.  Part  Number  HIC-9QA, 

Arnold  Engineering  Development  Center  Test  Report,  Project  Number  RA  0512. 

3,  Arnold  Engineering  Development  Center,  Document  Number  AEDC-TR-65-112j, 

A  Performance  Evaluation  of  The  A/B45Y-1  Biological  Spray  Tank  Electrical 
Power  System  at  Simulated  Flight  Conditions . 

4,  Tactical  Warheads  Laboratory,  Nuclear  Engineering  Directorate,  Plcatinny 
Arsenal,  Dover,  New  Jersey,  A/B45Y-1  Biological  Spray  Tank  (Modified).  Part 
Number  100-06528.  Test  Number  87-64. 

5,  Tactical  Warheads  Laboratory,  Nuclear  Engineering  Directorate,  Picatinny 
Arsenal,  Dover,  New  Jersey,  A/B45Y-1  Biological  Spray  Tank  (Modified!.  Part 
Number  100-06528,  Test  Number  43-65. 


APPENDIX  I 


INDIVIDUAL  AIRCRAFT  OPERATING  PROCEDURES 
FOR  THE 

MODIFIED  A/B45Y-1  BIOLOGICAL  SPRAY  TANK 
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1 . 0  F4C  AmCRAFT 

OperatiiiR  Procedures  -  The  tank  is  armed  from  the  cockpit  of  the  F4C  aircraft 
through  the  bomb  arming  circuit.  Dissemination  on/off  function  is  accomplished  through 
the  rocket  firing  circuit  by  use  of  the  BOMB  ROCKET  RELEASE  switch.  The  tank  is 
jettisoned  using  the  bomb  release  circuit. 

Tank  operation  is  accomplished  in  the  following  switching  sequence. 

Preflight 

1.  MASTER  ARMING  switch  -  SAFE 

2.  STATION  SELECT  switch  -  OFF 

3.  Tank  SAFETY  PIN  -  REMOVE  (just  prior  to  flight) 

Prearm 

1.  BOMB  ARMING  circuit  breaker  -  IN 

2.  WEAPON  RELEASE  circuit  breaker  -  IN 

3.  CONV  WPN  ARM  circuit  breaker  -  IN 

4.  BOMB  &  ROCKET  RELEASE  circuit  breaker  -  IN 

Arm 

1.  MASTER  ARMING  switch  -  ARM 

2.  BOMB  ARMING  switch  -  NOSE  &  TAIL 

NOTE:  The  above  step  arms  all  tanks  carried. 

Chemical  Release 

1.  WEAPON  SELECT  switch  -  applicable  position: 

RKTS  SINGLE  or  RKTS  PAIRS 

2.  STATION  SELECT  switch  -  applicable  position: 

QUTBD 

3.  RESET  switch  -  RESET 

4.  Start:  BOMB  ROCKET  RELEASE  switch  -  DEPRESS  (Dissemination 
will  continue  as  long  as  the  switch  is  depressed  or  until  switch  is  released  or  tank  is 
empty). 

5.  Stop:  BOMB  ROCKET  RELEASE  switch  -  RELEASE 

NOTE:  The  WEAPON  SELECT  switch  is  indexed  to  RKTS  PAIRS  to  supply 
a  release  signal  to  both  outboard  stations  simultaneously.  If  only  one  tank  is  carried,  it 
must  be  carried  on  a  left  outboard  station.  Also,  if  it  is  desired  to  operate  only  one 
tank  (left  side)  the  WEAPONS  SELECT  switch  must  be  indexed  to  RKTS  SINGLE  and  the 
RESET  switch  must  be  indexed  to  RESET  before  the  BOMB  ROCKET  RELEASE  switch 
is  depressed  again  to  restart  dissemination.  To  disseminate  from  RH  wing  station 
after  the  corresponding  LH  tank  has  been  emptied,  the  WEAPON  SELECT  switch  should 
be  indexed  to  RKTS  PAIRS. 
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Switch  and  Circuit  Breaker  Location  Table 


NOMENCLATURE 

Bomb  Arming  Circuit  Breaker 

Bomb  Arming  Switch 

Bomb  and  Rocket  Release  Circuit 
Breaker 

Bomb  Rocket  Release  Switch 

Conventional  Weapons  Arm  Circuit 
Breaker 

Master  Arming  Switch 
Reset  Switch 
Station  Select  Switch 
Tank  Safety  Pin 

Weapon  Release  Circuit  Breaker 
Weapon  Select  Switch 


LOCATION 

No,  1  Circuit  Breaker  Panel 
Panel  Assembly  -  Pedestal 

No.  1  Circuit  Breaker  Panel 
Control  Stick,  both  cockpits 

No,  1  Circuit  Breaker  Panel 
Panel  Assembly  -  Pedestal 
Panel  Assembly  -  Pedestal 
Panel  Assembly  -  Pedestal 
Tank  Tall  Cone,  LH  side 
No.  1  Circuit  Breaker  Panel 
Panel  Assembly  -  Pedestal 


2, 0  F105D  Aircraft  (F-1Q5D-25  and  Later,  and  Model  610  and  707) 

Operating  Procedures  -  The  tank  Is  armed  from  the  cockpit  of  the  F-105D 
Aircraft  through  the  bomb  arming  circuit.  Dissemination  on/off  function  is  obtained 
from  the  rocket  firing  circuit  by  use  of  the  STORE  RELEASE  switch.  The  tank  is  jet 
tisoned  using  the  bomb  release  circuit. 

Tank  operation  is  accomplished  through  the  following  switching  sequence. 
Preflight 

1.  BOMB  ARMING  NOSE  circuit  breaker  -  OUT 

2.  BOMB  ARMING  TAIL  circuit  breaker  -  OUT 

3.  MASTER  ARMAMENT  switch  -  OFF 

4.  ALL  STATION  SELECT  switches  -  OUT 

5.  Tank  SAFETY  PIN  -  REMOVE  (just  prior  to  flight) 

Prearm 

1.  STORE  REL  CONT  circuit  breaker  -  IN 

2.  STORE  REL  LH  circuit  breaker  -  IN 

3.  STORE  REL  RH  circuit  breaker  -  IN 

4.  MASTER  ARMAMENT  circuit  breaker  -  IN 

Arm 

1,  BOMB  ARMING  NOSE  circuit  breaker  -  IN 

2.  BOMB  ARMING  TAIL  circuit  breaker  -  IN 
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3.  BOMB  ARMING  switch  -  NOS^:  AND  TAIL 
NOTE;  The  above  step  arms  aii  tank  cari  ied 

Chemical  Release 

L  MASTER  ARMAMENT  switch  -  WEAIK)NS 

2.  WEAPONS  SELECTOR  switch  -  RKTS/AUX  STORES 

3.  PYLON  SEQUENCE  SELECT  switch  -  SALVO 

4.  Applicable  STATION  SELECT  switch  or  switches: 

(Rl,  LI,  RO,  LO)  -  IN 

5.  Start:  STORE  RELEASE  switch  -  DEPRESS  (Dissemination  will  continue 
as  long  as  switch  is  depressed  or  until  switch  is  released  or  tank  is  empty). 

(3.  Stop:  STORE  RELEASE  switch  -  RELEASE 
Tank  Release 

1.  WEAPONS  SELECTOR  switch  -  CONV  BOMBS 

2.  BOMB  MODE  SELECT  switch  -  MANUAL 

3.  Applicable  STATION  SELECT  sv/itch  or  switches: 

(Rl,  LI,  RO,  LO)  ~  IN 

4.  STORE  RELEASE  switch  -  DEPRESS 

CAUTION 

Reduce  aircraft  speed  per  standing  orders  or  T.  O.  before  tank 
release. 


Switch  and  Circuit  Breaker  Location  Table 


NOMENCLATURE 

Bomb  Arming  Nose  Circuit  Breaker 

Bomb  Ax'ming  Tail  Circuit  Breaker 

Bomb  Arming  Switch 

Bomb  Mode  Select  Switch 

Master  Armament  Switch 

Master  Armament  Circuit  Breaker 

Pylon  Sequence  Select  Switch 

Store  Release  Control  Circuit 
Breaker 

Store  Release  LH  Circuit  Breaker 
Store  Release  RH  Circuit  Breaker 
Store  Release  Switch 
Station  Select  Switch 


LOCATION 

Armament  Circuit  Breaker  Panel 

Armament  Circuit  Breaker  Panel 

Main  Instrument  Panel 

Main  Instrument  Panel 

Main  Instrument  Panel 

Main  Instrument  Panel 

Main  Instrument  Panel 

Armament  Circuit  Breaker  Panel 
Armament  Circuit  Breaker  Panel 
Armament  Circuit  Breaker  Panel 
Control  Stick  Grip 
Main  Instrument  Panel 
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NOMENCLATURE 


LOCATION 


Tank  Safety  Pin  Tank  Tail  Cone,  LH  side 

Weapons  Select  Switch  Main  InstFunient  Panel 

3*0  FlOO  Aircraft 

Operating  Procedures  -  The  tank  is  armed  from  the  cockpit  of  the  FlOO  Air¬ 
craft  throu^  the  bomb  arming  circuit  and  jettisoned  through  the  chemical  tank  release 
circuit.  The  dissemination  on/off  function  is  obtained  with  the  chemical  release  circuit 
by  use  of  the  BOMB  ROCKET  RELEASE  switch. 

Tank  operation  is  accomplished  through  the  following  switching  sequence: 

Preflight 

1.  Applicable  PYLON  LOADING  switches  -  CHEM  TANK 

CAUTION 

PYLON  LOADING  switches  should  not  be  changed  from  stated  po¬ 
sition  once  the  electrical  system  has  been  energized,  since  to  do 

so  may  eject  the  stores  from  the  pylon. 

2.  BOMB  ARMING  circuit  breaker  -  OUT 

3.  CHEMICAL  circuit  breaker  -  OUT 

4.  Tank  SAFETY  PIN  -  REMOVE  (just  prior  to  flight) 

Prearm 

1,  BOMB  &  TANK  RELEASE  circuit  breaker  -  IN 

2.  BOMB  &  TANK  REL  CONT  circuit  breaker  -  IN 

Arm 

1.  CHEMICAL  circuit  breaker  -  IN 

2.  BOMB  ARMING  circuit  breaker  -  IN 

3.  BOMB  ARMING  switch  -  NOSE  &  TAIL 
NOTE:  The  above  step  arms  all  tanks  carried. 

Chemic^  Release 

1.  ARMAMENT  SELECTOR  switch  -  CHEMICAL  (RELEASE) 

2.  CHEMICAL  SELECTOR  switch  -  applicable  position:  OUTBD,  (LH, 
BOTH,,  RH):  INTERM  (LH,  BOTH,  RH),  Use  ALL  position  for  simultaneous 
dissemination  from  all  stations. 

3.  Start:  BOMB  ROCKET  RELEASE  switch  -  DEPRESS  (Dissemination  will 
continue  as  long  as  switch  is  depressed  or  until  switch  is  released  or  tank  is  empty). 

4.  Stop:  BOMB  ROCKET  RELEASE  switch  -  RELEASE 

Tank  Release 

1.  ARMAMENT  SELECTOR  switch  -  applicable  position:  CHEMICAL 
(OUTBD  JETT,  INTERM  JETT). 
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2.  BOMB  ROCKET  RELEASE  switch  -  DEPRESS 


CAUTION 

Reduce  aircraft  speed  per  standing  orders  or  T.  O.  before  tank 
release. 


Switch  and  Circuit  Breaker  Location  Table 


NOMENCLATURE 
Armament  Selector  Switch 

Bomb  Arming  Circuit  Breaker 

Bomb  Arming  Switch 

Bomb  Rocket  Release  Switch 

Bomb  &  Tank  Release  Circuit 
Breaker 

Bomb  &  Tank  Release  Control 
Circuit  Breaker 

Chemical  Circuit  Breaker 

Chemical  Selector  Switch 

Pylon  Loading  Switches 

Tank  Safety  Pin  Switch 


LOCATION 

Armament  Selector  Switch  Panel  LH 
Console 

LH  Vertical  CB  Panel 
Armament  Selector  Switch  Panel 
Control  Stick 

LH  Fuselage  Station,  200  CB  Panel 

LH  Fuselage  Station,  200  CB  Panel 

LH  Vertical  CB  Panel 

Arm  Control  Panel 

Pylon  Loading  Switch  Panel,  LH 
Console 

Tank  Tall  Cone,  LH  side 
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REPORT 


M-490 


INTRODUCTION 


THIS  PRELIMINARY  STRESS  ANALYSIS  IS  HIEPARED  TO  PROVE  THE  STRUC¬ 
TURAL  ADEQUACY  OF  THE  ADAPTER  SHELL  ON  THE  M-490  "B"  SPRAY 
TANKS. 

THE  ADAPTER  SHELL  IS  SPUN  FROM  6061  ALUMINUM  ALLOY,  THEN  HEAT 
TREATED  AND  AGED  TO  OBTAIN  A  T6  CONDITION.  THERE  ARE  LOCALIZED 
INCREASES  IN  CBOSS-SECTIONAL  AREA  AT  BOTH  THE  GENERATOR  ATTACH¬ 
MENT  POINT  AND  THE  CENTER  SECTION  ATTACHMENTS. 

INERTIA  AND  AIRLOADS  ARE  SHOWN  IN  THIS  ANALYSIS.  AND  REFERENCES 
ARE  GIVEN  AS  REQUIRED. 

THE  ANALYSIS  CONTAINS  SHELL  STRESSES,  PRIMARY  AND  SECONDARY. 

AND  ATTACHMENT  LOADS.  THE  METHODS  USED  ARE  CONSIDERLD  TO  BE 
SOMEWHAT  CONSERVATIVE,  AND  ARE  REFERENCED  IF  UNCOMMON. 
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5t6N  CONVENTION 


Tif£  6t6N  C0NV£NTI0H  USSP  ///  THfS  ST/ieSS 

Afi6LfSt5  fs  rne  s^Me  ase^  by  f^ibchilp 
SrBATOS  CORPOBBrtON,  Rep,fi.^9(h006^P,iZ. 


Vi£\J  LOOKtm  APT 

HOTE:  C.B.  /S  AT  rs.  72-  R2F.  2490-006,  P/2. 
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CONO. 

713 

ny 

o' 

6 

tz 

te.s 

^6 

t6 

R£F.  R490-006,  P.  t£. 


^UM/r  /A/£Rr//l  LOADS 


ur. 

STA. 

(P) 

SM. 

n 

to 

13,73 

3.93 

2.4Z 

2t 

19.17 

** 

3.23 

My 

cv 

M, 

±640 

•509 

tzm 

•1735 

SAMPLE  CAL  CEL  ATtONS-  S  TA.  tO  - 

P-^..,  =  {7Z-3.S3)/SS&.A  =2.^2^ 

k/=  t2{/3  ?3)^  tZ7^ 

P^--ny  U/=  t£.S03.?3)‘  iS9^ 

Pi-n^w  -  -  a03.73)  t6(Z.  <t.2h'9l^ 

My  -nyU/d-f  ^7^  ^  d=  ^A.S(l9.73)(t0’3,93)  ±6C2.ft){f 0-3.83) 
My  ^±64-0^'^ 

Tfe^ne  Wd- -6(/3. 73)(/0-3.93)^-S09'''^ 
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R£F,  R^90-003,  P.  7Z 

B^zatr 


SRMPLE  CALCyiRTfONS  -  S  TR,  iO - 

^f^aT0,e  ‘  R^9Q-OOS,  P.7Z. 

Rf  »  5./:*  t  S.f*^  Yfjy/4S0.9Z)f/4/9(-JSS)^  -S9Z^ 

^-AC/-!L VJ^=S4/(-42)-246(0)--^SS3^ 
My^N.f.^  tN.F.^  Mtii  ^S4t(-3)-266(0j--2S22 ' 

M^J^=-t69(l8)H4/3C‘f.3)^'9947‘'-**^ 

TP  ACCOUNT  FOR  OCNFRATOR  €FF€C  T,  VAL  U£S  OF  Vy^Y^, 
My,  AND  Mi.  WeZ£  R€AD  RT  STATiONS  IS  iNSTCAO  OF 
tOj  AND  30  RATHCR  THAN  22. 
i^RBF,  R 490 '003,  P,  72. 

RAF.  R490-  006:  ll)  P.  46.  (s)  P.  39. 

(2>P.B0.  (6)  P.43. 

(3)  P.39.  (7) P.47. 

(4)  P.42.  (a)P.Si. 
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(^) 
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c-^) 
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-4S0 

•3/63 

•S376 

Zt  mo  -966 

-899 

•t/,423 

•/SjZ80 

Pff  -  Py 


STA, 

(*) 

(^) 

C'-V 

to 

no9 

774 

6900 

2Z 

mo 

1314 

19,070 
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SNeLL_SriR£55££ 

FRtMARY 


^NSMTOF 


sm  to 

SL,^LLOy 

f^aor" 

ir*2Tf’Jff27r^J.02JC^7)*/JS/f^y 
I-  /r/^H  «  T)’(3.0ZyC07)=  6.08  M.  ♦ 

fc*j*j^^t2$SFSf(UM/r) 

^  =  SfOO^XOZ^.OSSL  3/^^  ^s/  (UN  if) 

rSlCUMIT) 

F20M  MH-HPBK-S,  P. 3. 2.6.0(k))  fio  =  42,000 PSi. 

Psv^  27,000 PSt. 

FROM  IOC  SM  70^,P8,CPSe33yRTi‘(Bu*Rc)^^l 

P20M  L8C  5M  70^  ,  P/6.9:  POP  8-90%  ^-lOOym  =  2. 

gf  _  i>S(tt8P^ .  Q  08S  Pk'tP  -  ^ 

21^^^'^  AffcTiTc-  43,^^ 

P20M  LPC  SM  70^  ,  PtO,  8:  ^  '  O.?! ,  ^  =  4,02. 

M.2.^t4.47 
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4=-^^  =  -1230  PS/  (LIMIT) 


f,-Z^-Z(^)--9SSPS/  (L/M/r) 


=  i0?dr  =  O.OS3 

f/tOM  LPC  SM  70 a.,  P/0.9;PCPm^ Z: oa^  0.^7, 


M.S=tr.S7 


•pep  P.L,. 
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REKNIT 

MODEL 

M-^90 

SNBLL  srg esses 

SBCONORRY 


A  .  A.  OSWL  OF  AO/^PT£R  SHBLL /irmcHM£NT 

2^  OBNBRATOR  COl/SR 

n  ^!7Q9 

Fmam.  2tr(s.0zy 

3//  %.(L/ff/rJ^  4^7  %c  rj 

K=  P  <*A  a  =  ?//  tf«n  2^*=  J// (.403)^/26  %.(ltM/T)=  fS9%.(ULr.) 
ROAPTBR  SHBIL - 

BSSt/MB  MOMBttT  (.B7Y)  tS  TAKEN  BNTiRBLY  SY 
APAPTBR  SHELL  AT  ATTACHMENT  /f  P  iS  TFNS/LB. 

Ms^  .67026)-64.3"-^/,N.(UMtr)‘  tZ7"'**/iN.  (ULT^ 

V  p^--fA^,^OPSt(llMtT)  =2ttS00PSt(ULr,) 


- 6£h/£RfirOR  COVER 

:^^^^^APRPTeR  shell 

"^7-" 


=  PU»«. /t  =  Zn/JBE  =  iEEO  PS!  (LIMIT) 


«  LS(/6E0J=  2490  PSI  (ULT) 

"  ^  hyi4,lSOPMEO-M/)IOPSf(imiT)=2S,WPSI(ULT} 

41,000  PS!  REF.  P.E. 
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J^/SCHMV  ... 

^  ^  ^ (lOl-.IOj*^Ct09J^  ■ 
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TAtCKNBSS  OP  tab 
AOAPreA  SHBLL  IS 
OJSa*'  /N  THIS  ABOIQN. 


r^y 


^  -/  SUB  , 


rr  SM  sm  50*-  5.02  CS)^I.SI  *' 
/•,*3.02  »m  B0*-3AZ(367)  '-2.Bt  ’ 
^3^B.0Z 


€r'  -  4(' tSiy  t4(2Jkf/t2(2.02)^^S4.  B2  //V.* 


^  ^  B$OOCS.OS0  If09 

N  “  S4.^2  12 


=49!  *(LtMtr)^  739** (ULT^ 


AUBUABLB  SINOLB  SABA2-990^A£F.  MAY£S  SOMfSBCT.  702,211. 


"  (.i99)r.i$9)  ■■  * 

Fi^y-S8,000  PSt  fe/p  -~Z.O)  RBf,  MIL-AOBKS,  P.3.2, 6.0 (h). 
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Summary 


Specification  MIL-C-8591C  requires  that  the  center  of  gravity  of  airborne 
stores  be  located  equidistance  between  the  suspension  lugs  with  a  tolerance  of  ±  three  (3) 
inches.  The  modified  A/B45Y-1  Spray  Tank  configuration  meets  this  requirement.  For 
the  original  tank  with  midpoint  suspension  at  Station  72. 0,  the  tank  empty  CG  location 
(Station  75.  3)  fell  outside  this  requirement.  The  modified  tank  empty  CG  location 
(Station  73.  01)  is  located  1. 01  inches  aft  of  the  mid  suspension  point  (Station  72. 0)  which 
will  be  the  normal  condition  for  jettison  during  operational  usage  of  the  spray  tank.  The 
modified  tank  full  CG  location  (Station  71. 13)  is  located  0.87  inches  forward  of  the  mid 
suspension  point  (Station  72. 0).  The  modification  weight  penalty  is  34. 35  pounds. 


Basic  Data  -  Original  A/B45Y-1  Tank 


Weight 

CG  Location 

Tank  empty 

230. 5  lbs. 

Sta  75. 3 

Agent 

529. 0  lbs. 

Sta  70. 2 

Tank  Full 

759. 5  lbs. 

Sta  71.7 

Location  of  Suspension  Lugs 

FWD 

AFT 

14  inch  lugs 

Sta  65. 0 

Sta  79. 0 

30  inch  lugs 

Mid  suspension  point  location  Sta  72.  0 

Sta  57. 0 

Sta  87.  0 

(Reference:  Original  Handbook  of  Instructions) 

Basic  Data  -  Modified  A/B45Y-1  Tank 

Tank  Empty  Weight  Build  Up  Actual  Values: 

Weight 

Arm 

Moment 

Lbs. 

Inches 

Inch/Lbs. 

Original  tank  empty 

Added  components 

230.5 

73.3 

17,356. 65 

Wind  driven  generator 

15.0 

3.0 

45.0 

Nose  cone  additional  weight 

3.5 

15.0 

52.5 

Ring  splice  P/N  100-06545 

1.0 

17.25 

17.25 

Umbilical  connector  assembly 

1.0 

93.00 

93.00 

Clip  lower  P/N  100-06534 

0.5 

128.0 

64.0 

Clip  upper  P/N  100-06535 

C  5 

128.0 

64.0 

Relay  and  mounting  hardware 

0.75 

128.0 

96.0 

Ballast  P/N  100-06563 

2.0 

128.0 

256.0 

Ballast  P/N  100-06564 

3.1 

128.0 

396.8 

Ballast  P/N  100-06573 

7.0 

128.0 

896.0 

264.85 

73.01 

19,337.2 
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irtiil  Wniffht  BuUd  Up: 


Tank  empcy 
Agent 
Tank  full 


Original 

Tank 

o\IXQ  lu  cluo  u  • 

Weight  CG  Location 

Tank  empty 

230.5 

75.3 

Agent 

529.0 

70.2 

Tank  full 

759.5 

71.7 

264.85  73.01 

529.0  70. 2_ 

793.85  71.13 


19,337.2 

37.135.8 

56,473.0 


Modified  Tank  _ 

Weight  CG  Liocation 

264.85  73.01 

529.0  70.2 

793.85  71.13 


Tank  weight  increase:  34. 35  lbs. 

CG  empty  moved  forward:  2.29  inches 
CG  full  moved  forward:  0. 57  inches 
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LIST  OF  CLASS  n  DRAWINGS 
A/B45Y-1  SPRAY  TANK  MODIFICATION 
TTU-251/E  TEST  SFT 


P 
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List  of  Class  n  Drawings  Detailing  the  A/B45Y-1  Spray  Tank  Modification 


Drawing  Number 

Title 

100-06525 

Modification  Spray  Tank,  Complete 

100-06526 

Family  Tree 

100-06527 

Cable  Assembly,  External  Power 

100-06528 

Modification  Spray  Tank 

100-06529 

Adapter  Cable  Assembly,  F105 

100-06531 

Adapter  Cable  Assembly,  FlOO 

100-06532 

Nose  Cone 

100-06534 

Clip,  Lower 

100-06536 

Clip,  Upper 

100-06538 

Cable  Assembly,  J1 

100-06539 

Schematic 

100-06540 

Wiring  Diagram 

100-06541 

Cable  Assembly,  W1 

100-06542 

Cable  Assembly,  J3 

100-06543 

Cable  Assembly,  External  Power  Relay 

100-06544 

Cable  Assembly,  Miscellaneous  Wires 

100-06545 

Ring  Splice 

100-06555 

Adapter  Cable,  F4C 

100-06558 

Sleeving 

100-06559 

Marking  Drawing 

100-06561 

Shear  Plate 

10  6562 

Angle  Bracket 

'  L,U-06563 

Ballast 

100-06564 

Ballast 

100-06565 

Adapter  Plate  Assembly,  F105 

100-06567 

Adapter  Plate  Assembly,  F4C 

100-  ^68 

Adapter  Plate  Assembly,  FlOO 

lOo  J6569 

Cover  Plate 

100-06570 

Adapter  Plate,  FlOO 

100-06571 

Adapter  Plate,  F4C 

100-06572 

Adapter  Plate,  F105 

100-06573 

Ballast 

100-06578 

Boss 

100-06579 

Cap 

100-11293 

Wiring  Diagram 

100-11294 

Schematic 

100-11295 

Relay  Mounting  Bracket  Assembly 

100-11296 

Relay  Mounting  Bracket 

List  of  Class  n  Drawings  Detailing  the  TTU-251/E  Test  Set  Design 


Drawing  Number  Title 


100-06530 

100-06548 

100-06549 

100-06550 

100-06551 

100-06552 


Test  Set  Assembly 
Wiring  Diagram 
Schematic 

Cable  Assembly,  PI 
Cable  Assembly,  P13 
Cable  Assembly,  N/S 
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Drawing  Number  Title 


100-06553 

100-06554 

100-06556 

100-06557 

100-06560 

100-06674 

100-06575 

100-06576 

100-06577 


Cable  Assembly,  T/S 
Cable  Assembly,  Miscellaneous  Wire 
Cable  Assembly,  P14 
Rotary  Switch 

Decal  Practical  Wiring  Diagram 
Cable  Assembly,  W1 
Cable  Assembly,  W2 
Cable  Assembly,  W3 
Cable  Assembly,  W4 
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review  and  analysis  of  the  environmental  testing 

CARRIED  OUT  ON 

THE  A/B45Y-1  BIOLOGICAL  SPRAY  TANK 
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Review  and  Analysis  of  the  Eaviroiuriental  Testing  Carried  cHit  on  the  A/S 
45Y-1  Biological  Spray  Tank 


Introduction 

An  analysis  of  the  environmental  testing  carried  out  on  the  A/B  45Y-'l 
Biological  Spray  Tank  during  its  development  history  was  prompted  by  a  letter  from 
Col.  N,H.  Cox,  dated  20  September  1965  forwarded  to  Hayes  International  Corporation 
from  the  Directorate  of  Armament  Development,  Eglin  Air  Force  Base,  Florida  (Ref. 
ATCB/Mr.  Solomon/882-2457).  This  letter  was  supplemented  with  a  c<X)y  of  a  memo 
written  by  Mr.  W.  J.  McCoy,  APGC,  Eglin  Air  Force  Base,  which  indicated  the  possi¬ 
bility  of  a  9000#  increase  in  lug  limit  load  for  14"  ejector  racks  when  carrying  this 
store. 


Summary 

A  review  and  analysis  was  made  of  all  the  test  reports  pertaining  to  testing  of 
the  A/B  45Y-1  Biological  Spray  Tank.  It  was  concluded  that  the  tank  has  been  over¬ 
driven  in  most  tests  as  test  input  vibratory  acceleration  levels  were  not  attenuated  In 
accordance  with  the  appropriate  test  specifications  MIL-E-5272  and  MIL-STD-810A  to 
which  the  tanks  were  tested  for  test  specimens  weighing  in  excess  of  50  lbs.  Large 
magnification  factors  were  evident  in  the  bomb  rack  to  store  suspension  system  and 
through  the  plastic  center  body  structure  of  the  tank.  It  is  felt  that  these  two  factors 
significantly  contributed  to  the  failure  of  the  test  specimen  tank  during  testing.  The 
effect  of  these  factors  was  further  amplified  by  the  failure  of  attachment  hardware 
locking  mechanisms. 

It  is  recommended  that  the  tank  be  retested  in  accordance  with  MIL-STD-810A 
with  full  attenuation  values  applied  to  input  levels  and  that  additional  locking  devices  be 
incorporated  in  the  test  specimen  to  prevent  the  loosening  of  attachment  hardware. 


Referenced  Documents 

MIL-E-5272C  MIL-A-8591C 

MIL-STD-810A  MIL-N-25027C 


Development  History  of  the  A/B  45Y-1  Biological  Spray  Tank 

The  A/B  45Y-1  Biological  Spray  Tank  was  originally  developed  by  Fairchild 
Stratos  under  Contract  DA-18-064-AMC-7(A). 

The  tank  was  later  modified  by  the  Hayes  International  Corporation  under 
Contract  AF  08(635)-4600  to  incorporate  a  wind  driven  generator  located  at  the  nose  of 
the  tank  to  provide  electrical  power  for  the  tank  heater  system. 

The  original  tank  was  designed  in  accordance  with  MIL-A-8591C  to  meet  the 
requirement  of  Figure  7,  page  12  for  stores  weighing  between  501#  to  1250#.  No 
additional  magnification  factors  were  added  to  these  design  limit  load  factors  as  Para¬ 
graph  5.3  states  this  is  not  necessary.  As  built  the  original  tank  weired  230#  empty 
and  760#  full.  The  estimated  weight  penalty  resulting  from  the  modification  was  40  lbs, 
giving  the  modified  tank  weight  of  270#  empty  and  800#  full. 
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Environmental  Teat  History  of  the  A/B  45Y-1  Biological  Spray  Tank 

Three  separate  tanks  were  subjected  to  eriviroriir.cntal  testing,  all  tests  being 
curried  out  at  PloaUniiy  Arsenal. 

These  tests  for  which  reports  are  available  were  vibration  testing  in  the 
longitudinal,  vertical  and  lateral  exes. 


1. 


2. 


3. 


Test 


Test 


Tost 


#1 

Test  Speotinan 

Original  Tank 

Test  Number 

4-63 

Date 

26  March  1963 

#2 

Test  Speciman 

1st  Modified  Tank 

Tost  Number 

87-64 

Date 

4  January  1965 

15  February  1965 

#3 

Test  Speciman 

2nd  Modified  Tank 

Test  Number 

43-65 

Date 

22  June  1965 

} 


2  Documents 


Flight  Test  History  of  the  A/B  45Y-1  Biological  Spray  Tank 

Approximately  200  hours  of  flight  time  have  been  accumulated  oi  various 
specimens  of  the  original  spray  tank. 


Review  of  Previous  Test  Programs 

From  a  review  of  the  reports  for  the  three  test  programs  it  was  readily 
apparent  that  all  test  specimens  experienced  problems  and  failures  during  testing.  In 
almost  all  instances  they  seemed  to  be  products  of  low  frequency  resonance  testing. 
Analysis  of  the  recorded  instrumentation  data  for  these  runs*  indicated  large  magnifica¬ 
tion  of  the  input  accelerations  at  resonance  in  all  axes  due  to  the  flexibility  of  the  tank 
center  body  structure. 

This  was  complemented  with  additional  magnification  through  the  suspension 
system  in  the  longitudinal  axis.  In  some  instances  the  accelerometer  pickups  indicated 
substantial  deflections  in  axes  other  than  that  of  the  input  with  the  vector  resultant  for 
these  values  also  indicating  a  large  magnification  factor  through  the  tank  center  body 
structure  and  suspension  system. 

In  comparing  the  laagnification  factors  for  the  three  tests  the^imilarity  of 
those  for  test  #1  and  test  #3  were  readily  apparent.  However,  test  #2  indicated  a  degree 
of  damping  at  low  frequency  resonance.  It  was  felt  that  this  variation  in  behavior  phe¬ 
nomena  was  due  to  the  dissimilar  properties  of  individual  tank  structures.  The  tank 
center  body  is  a  hand  laid  up  plastic  structure  and  at  best  it  would  be  difficult  to  main¬ 
tain  identical  characteristics  which  would  result  in  identical  physical  properties. 
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Test  #1  and  2  were  conducted  in  accordance  with  MIL-E-5272  procedure  XII 
and  test  if '3  in  accordance  with  MIL-STD-810A,  Method  514. 1. 

The  method  for  conducting  the  tests  is  identical  in  both  instances,  initially  a 
resonance  search  is  conducted  by  sweeping  the  input  spectrum  from  5  thru  500  CPS. 

This  is  followed  by  resonance  running  at  the  resonant  frequencies.  The  runs  are  con¬ 
ducted  in  all  three  axes. 

Both  test  procedures  state  that  for  resonance  running  of  test  specimens 
weighing  more  than  50  lbs,  the  vibratory  acceleration  input  applied  to  the  test  specimen 
may  be  reduced  by  1  g  for  each  10  lbs,  increment  of  weight  above  50  lbs.  to  a  value  no 
lower  than  50%  of  the  original  test  curve,  (MIL-E-5272,  Para,  4,  7,  12,  1;  and  MIL- 
STD-810A,  Method  514. 1,  Para.  8  under  Resonance  Dwell,  Part  11).  As  the  spray  tank 
in  its  original  form  weighed  760  lbs.  and  800  lbs.  after  modification  it  certainly 
qualified  for  the  50%  reduction  in  input  acceleration  for  resonance  running.  This  con¬ 
cession  was  only  made  available  in  Test  #1  carried  out  on  the  original  tank.  It  is  felt 
that  this  feature  alone  of  driving  the  tank  in  resonance  at  twice  the  required  input  con¬ 
tributed  to  some  of  the  problems  and  failures  in  Tests  #2  and  3. 

The  three  to  one  magnification  factor  across  the  bomb  rack  tank  suspension 
system  in  the  longitudinal  axis  which  certainly  confirms  the  observations  of  Mr.  W.  J. 
McCoy  in  his  memo  (these  observations  probably  being  confirmed  by  the  actual  failure 
of  the  bomb  rack  in  Test  #2  in  this  axis)  is  outside  the  scope  of  either  contractor 
(Fairchild  or  Hayes)  as  the  tank  suspension  system  certainly  meets  the  requirements  of 
MIL-A-8951C.  The  lug  load  computed  by  Mr,  McCoy  is  derived  from  the  test  data  and 
this  value  is  hardly  affected  by  the  modification  penalty  weight  of  40  lbs.  Rather  it  is 
the  product  of  store  wei^t  and  acceleration  and  the  only  way  to  reduce  this  value  is  to 
reduce  either  the  store  weight  or  acceleration  significantly.  Obviously  the  store  weight 
cannot  be  reduced  but  the  acceleration  level  can,  as  previously  pointed  out,  with  the  60% 
reduction  in  input  acceleration  value.  It  is  also  felt  that  the  suspension  system  probably 
contributes  to  the  movement  of  the  store  in  axes  other  than  the  input  axis. 

From  a  comparison  of  the  accelerometer  readings  contained  in  the  test  data 
included  with  the  reports  of  the  three  tests,  it  was  possible  to  determine  the  magnifica¬ 
tion  factors  present  during  the  tests  between  the  data  pickup  locations.  These  values 
are  shown  in  Figures  #1  and  #2,  for  the  three  axes,  longitudinal,  lateral  and  vertical. 
Using  these  values,  it  should  then  be  possible  to  predict  acceleration  levels  at  the 
various  pickup  locations  for  a  known  input. 


Review  of  Problem  Areas  and  Damage  Incurred  During  Test 

From  a  review  of  the  reports  for  the  three  test  programs,  it  was  possible  to 
compile  a  chart,  Figure  o,  summarizing  all  the  problem  areas  and  damage  incurred 
during  testing,  similar  types  of  problems  grouped  together  by  common  location. 


Group  1 

In  all  tests  trouble  was  experienced  with  loosening  up  of  the  sway  braces  on 
the  bomb  rack.  During  Test  #1  local  hardpads  were  taped  to  the  tank  structure.  This 
was  probably  done  to  eliminate  friction  burning  of  the  sway  braces  into  the  plastic  tank 
structure  as  was  the  case  in  Test  #3  where  the  burn  depth  extended  through  two  layers 
of  fabric,  the  cause  being  excessive  relative  motion  in  the  longitudinal  axis.  In  test  #2 
the  rear  lug  on  the  bomb  rack  fractured  probably  due  to  excessive  loading,  a  possible 
condition  pointed  out  by  Mr.  McCoy  in  his  memo,  which  can  result  from  the  three  to  one 
magnification  through  the  suspension  system  of  the  input  acceleration  level. 
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BOMB  RACK 


ACCELEROMETER  LOCATIONS 


LONGITUDINAL  AXIS 

Figure  1  PEAK  MAGNIFICATION  FACTORS 
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tMPUT 


VERTICAL  AXIS 


NOSE 


I  A'TirpAi  AVie 


LONGITUDINAL  AXIS 


Figure  2  AVERAGE  MAGNIFICATION  FACTORS 


TEST  #1  TEST  #2  TEST  #3 

SUMMARY  OF  PROBLEM  AREAS  AND  DAMAGE  Original  Ist  Mod  2nd  Mod 
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FIGURE  3 


Group  2 


Air  bottle  movement  resulting  in  some  instances  with  broken  clamps  and 
attendant  plumbing  was  probably  due  to  excessive  loading  recorded  as  high  as  44g  at  the 
noso  pickup.  With  a  weight  of  23  lbs.  at  44g  at  53  CPS  the  air  bottle  becomes  quite  an 
impacting  force.  Some  restraining  of  the  air  bottle  is  also  lost  when  loosening  of  the 
nose  cone  attachment  hardware  allows  the  nose  assembly  to  whip. 


Group  3 

Attachment  hardware  at  the  nose  cone  to  center  body  interface  loosened  due  to 
failure  of  the  locking  devices  ui.der  high  loading  allowing  the  cantilevered  nose  cone  as¬ 
sembly  to  whip,  this  condition  eventually  leading  to  the  shearing  of  some  of  this  hard¬ 
ware. 


Group  4 

Attachment  hardware  at  the  tail  cone  to  center  body  interface  loosened  due  to 
failure  of  the  locking  devices  under  high  loading  here  again  allowing  the  cantilevered 
tail  cone  to  whip  resulting  in  the  hardware  working  into  the  soft  plastic  skin  of  the  tail 
cone. 


Group  5 

The  liquid  line  in  the  tail  was  fractured  due  to  whipping  of  the  tail  cone  which 
fatigued  the  welded  joint  at  the  pipe  flange  forward  of  the  flow  indicator.  Visual 
inspection  of  this  flange  assembly  indicates  its  relative  fragility  when  compared  to  the 
other  flange  located  only  three  inches  away  on  the  same  assembly.  The  tail  cap  broke 
loose  due  to  excessive  loading  resulting  from  whipping  of  the  tail  cone  when  the  attach¬ 
ment  hardware  loosened  up. 


Group  6 

Failure  of  the  ballast  mounting  brackets  was  probably  due  to  excessive 
loading  (20g  +), 


Group  7 

Failure  of  the  tank  just  aft  of  the  nose  cone  attachment  is  attributed  to  im¬ 
proper  testing  techniques  in  this  instance  by  the  test  facility. 

Group  8 

Failure  of  the  transformer  mounting  brackets  and  shroud  hardware  and  locking 
devices  resulted  from  excessive  loading  caused  by  i  iherent  magnification  factors  in  the 
tank  structure  and  whipping  of  the  nose  cone  after  loosening  of  the  nose  cone  attachment 
hardware. 


Further  study  of  the  test  reports  indicated  that  for  each  test  the  testing  in  the 
various  axes  was  not  carried  out  in  the  same  sequence. 

Test  #1  was  vertical,  lateral,  longitudinal 
Test  #2  was  lateral,  vertical,  longitudinal 
Test  #3  was  lateral,  longitudinal,  vertical 
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In  test  #1  the  tank  successfully  completed  vertical  and  lateral  and  failed  in  longitudinal. 
In  test  #2  the  tank  successfully  completed  lateral  and  vertical  and  failed  in  longitudinal. 
In  test  #3  the  tank  successfully  completed  lateral,  longitudinal  then  cTq^erienced  trouble 
in  vertical. 

In  tests  #1  &  2  the  major  damage  occurred  in  the  longitudinal  axis  though 
prior  damage  may  have  occurred  in  the  other  axes.  In  test  #3,  failure  occurred  in  the 
vertical  axis  after  completion  of  the  longitudinal  axis  where  the  major  damage  could 
quite  conceivably  have  been  caused.  Based  on  these  observations  it  would  seem  that  the 
longitudinal  axis  might  well  be  the  most  destructive  due  to  the  excessive  slippage  in  the 
suspension  system  in  this  axis. 

Conclusions 

The  following  conclusions  were  drawn  from  the  review  of  the  test  data 
available  for  the  three  environmental  test  programs  carried  out  on  the  A/B  45Y-1 
Biological  Spray  Tank. 

1.  The  vibratory  acceleration  (g  loading)  input  for  the  resonance  dwell  testing 
was  twice  as  large  as  that  required  by  MIL-E-5272C  and  MIL-STD-810A  for  tests  #2 
and  3. 

2.  The  magnification  factor  between  the  bomb  rack  and  the  spray  tank  in  the 
longitudinal  axis  was  an  unknown  factor  during  the  design  phase.  This  magnification  is 
not  called  for  in  MIL-A-SSQIC  and  cannot  be  calculated  as  it  is  a  function  of  bomb  rack 
to  store  lug  fit. 

NOTE;  It  is  a  combination  of  1  and  2  which  prompted  Mr.  W.  J,  McCoy*s 
memo  restricting  flight  testing.  The  correct  vibratory  acceleration  (g  loading)  input 
should  lower  the  lug  limit  load  for  the  14-inch  ejector  rack  below  the  design  limit  loads 
for  arrested  landing  and  catapulting, 

3.  The  plastic  center  body  structure  of  tiie  spray  tank  is  quite  flexible 
resulting  in  large  amplification  factors  at  both  extremities,  (nose  and  tail)  during 
resonance  with  variations  from  unit  to  unit  giving  differing  behavior  patterns  due  to 
varying  material  properties  resulting  from  the  method  of  construction. 

4.  Failure  of  the  locking  mechanism  for  the  hardware  attaching  the  nose  cone 
and  tail  cone  assemblies 

a.  The  locking  torque  for  the  existing  blind  nut  plates  located  on  the  tank 
center  body  and  deteriorated  with  each  screw  removal  and  replacement, 

b.  The  initial  screw  preload  torque  was  probably  lost  with  minor  wear  in 
the  fiberglas  structure  at  the  tail. 

5.  Items  1,  2,  3,  &  4  all  contributed  to  failure  of  the  tank  during  test.  Item 
1,  twice  the  required  vibratory  acceleration  input  level  at  the  bomb  rack,  plus  item  2 
the  three  to  one  magnification  across  the  rack  to  store  mechanical  interface  subjected 
the  tank  to  input  loads  six  times  greater  than  that  required  for  resonance  testing.  This 
load  was  further  amplified  by  item  3  the  inherent  flexibility  of  the  plastic  center  body 
structure.  The  resultant  excessive  loads  at  the  nose  and  tail  attachment  points  was 
applied  to  all  components  located  at  and  beyond  these  extremities  and  these  loads  were 
further  increased  by  the  whipping  action  of  the  nose  cone  and  tail  cone  assemblies  after 
the  loosening  up  of  their  attachment  hardware  due  to  item  4, 
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6.  The  original  tank  configuration  at  a  weight  of  760  lbs.  successfully 
completed  200  hours  of  flight  test  even  though  a  complete  environmental  test  program 
was  never  successfully  completed.  Had  the  test  speciman  used  in  test  #1  completed 
longitudinal  testing  the  method  of  coupling  the  input  vibratory  acceleration  by -passed 
the  bomb  rack  to  store  mechanical  interface  and  its  attendant  problems  detailed  in 
item  2.  This  test  speciman  also  benefitted  from  the  50%  input  attenuation  for  resonance 
testing  not  applied  in  later  tests. 

7.  The  first  modified  tank  used  in  test  #2  came  within  2  minutes  of 
completing  the  test  program  using  a  resonance  dwell  input  of  lOg  per  MlL-E-5272, 
without  the  50%  allowable  attenuation.  Consequently  it  is  reasonable  to  assume  that 
the  tank  could  successfully  complete  testing  with  this  reduced  to  a  2-l/2g  input  level  as 
required  by  MIL-STD-810A  with  50%  attenuation. 

Recommendations 

1.  It  is  recommended  that  the  A/B  45Y-1  Biological  Spray  Tank  be  re¬ 
submitted  for  environmental  testing  in  accordance  with  MIL~STD~810A.  Vibration 
testing  should  be  in  accordance  with  Curve  B  of  Figure  514-1,  per  time  table  514-11. 
For  resonance  dwell  running  all  input  values  should  be  reduced  to  50%  of  the  values  of 
Curve  B  of  Figure  514-1  reference  Procedure  I,  Part  n  of  Paragraph  8  on  page  514-13. 
Predicted  g  level  readings  for  the  tank  while  running  in  resonance  are  shown  in  Fig¬ 
ures  4  and  5. 

2.  In  order  to  increase  the  remaining  locking  torque  of  the  captive  nut  plates 
used  for  the  nose  cone  and  tail  cone  attachment  hardware  it  is  proposed  to  use  self¬ 
locking  screws  with  Hl-torque  heads  with  torque  requirements  of  30  -  40  inch  pounds. 
The  captive  nut  plates,  part  number  NAS  1068A4  should  have  a  minimum  breakaway 
torque  of  3.  5  inch  pounds  per  MIL-N-25027C,  Table  Ili  on  page  6,  but  it  is  anticipated 
that  this  value  has  deteriorated  due  to  re-use.  The  replacement  screws,  part  number 
NAS  1164  will  give  an  additional  3. 5  inch  pounds  of  breakaway  torque  which  should  help 
obviate  the  locking  problem  in  conjunction  with  the  reduced  input  loads.  Re-evaluation 
of  the  stress  requirements  for  the  attachment  hardware  for  this  test  level  indicates  that 
the  screw  size  and  quantity  are  adequate  and  it  is  the  low  minimum  breakaway  torque 
which  is  the  prime  problem.  Consequently  as  a  back  up  to  the  substitution  of  locking 
screws  it  is  proposed,  in  case  this  does  not  solve  the  locking  problem,  to  prepare  a  kit 
to  install  5/16-24  attachment  screws  using  a  blind  nut  installation  similar  to  HI -shear 
part  number  BN359  which  can  be  readily  installed  at  the  test  facility  during  the  test. 

This  installation  will  give  a  screw  attachment  with  a  minimum  breakaway  torque  of  6.  5 
inch  lbs. 


3,  Further  it  is  suggested  that  some  local  hard  pad  plates  be  provided  which 
can  be  affixed  to  the  tank  at  the  sway  brace  contact  locations.  This  will  provide  a  harder 
contact  surface  thereby  eliminating  the  wear  down  through  the  plastic  which  is  one  of 
the  causes  for  the  mechanical  interface  to  loosen  and  may  even  provide  a  degree  of 
damping  to  this  interface  which  will  attenuate  the  relative  displacement  and  reduce  the 
magnification  factor. 

4.  It  is  suggested  that  some  ruling  be  made  about  time  history  usage  of  the 
test  facility  bomb  rack.  A  typical  three  axis  test  run  is  considered  to  be  equivalent  to 
an  aircraft  life  cycle  of  10-15  years.  Continual  re-use  of  the  same  bomb  rack  will 
obviously  age  the  bomb  rack  to  the  degree  where  it  is  either  fatigued  and  fails  (as  might 
have  been  the  case  in  Test  #2)  or  it  becomes  worn  and  allows  large  relative  movement 
resulting  in  high  magnification  factors. 
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